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As the largest law firm in the Nation, the Department of Justice serves as counsel 
for its citizens. It represents them in enforcing the law in the public interest. 
Through its thousands of lawyers, investigators, and agents, the Department plays 
the key role in protection against criminals and subversion, in ensuring healthy 
competition of business in our free enterprise system, in safeguarding the con- 
sumer, and in enforcing drug, immigration, and naturalization laws. The Depart- 
ment also plays a significant role in protecting citizens through its efforts for ef- 
fective law enforcement, crime prevention, crime detection, and prosecution and 
rehabilitation of offenders. 

Moreover, the Department conducts all suits in the Supreme Court in which 
the United States is concerned. It represents the Government in legal matters 
generally, rendering legal advice and opinions, upon request, to the President 
and to the heads of the executive departments. The Attorney General supervises 
and directs these activities, as well as those of the U.S. attorneys and U.S. mar- 
Shals in the various judicial districts around the country. 
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Preface 


Drug abuse continues to be on the increase and remains a great chal- 
lenge to humanity. The evolutionary programme of the World Health 
Organization to provide health for all by the year 2000 can only become 
a reality through concerted efforts to accomplish this objective with the 
cooperation of the Member States, their organizations and dedicated pro- 
fessionals. 

There are already many substances, natural and synthetic, e¢.g.. 
heroin, amphetamine, cocaine, and LSD, which are made available for 
abuse by unscrupulous and criminal individuals and organizations. The 
appearance of controlled substance analogues (designer drugs) has added 
a new dimension to the problems associated with the use and abuse of 
narcotic drugs and psychotropic substances. 

I am confident that the Proceedings of this international meeting, 
cosponsored by the Drug Enforcement Administration of the United 
States of America and the World Health Organization, will prove invalu- 
able in drawing attention to this serious public health problem. 


H. Nakajima, M.D., Ph.D. 
Director-General 
World Health Organization 
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Introduction 


During the past two decades, the demand for psychoactive sub- 
stances has led to the growing problem of illicit clandestine laboratories. 
These laboratories have proliferated because of the ease of production, 
the often minimal skills needed for their operation and large profits 
which can be produced. Equipment, chemicals, and facilities are relative- 
ly easy and inexpensive to obtain. Operators have included students, 
teachers, chemists and engineers who have utilized university, govern- 
ment or industrial laboratories for the illicit production of psychoactive 
substances. The majority of clandestine laboratories are established in 
houses, garages, backyard sheds, or apartments and have relatively 
modest production capabilities. Large-scale laboratories have been set up 
in rented warehouses or other large buildings. 

The manufacture, trafficking, and abuse of clandestinely produced 
drugs is a worldwide problem. International trafficking in the precursor 
chemicals, solvents, reagents and catalysts often proceeds under the guise 
of legitimate commerce. Frequently, the chemicals are shipped from one 
nation to another where they are used for clandestine production of illic- 
it drugs which are returned to the original chemical source nation for 
sale on the tilicit market. Other third-party nations have also become the 
marketplace for the products of clandestine laboratories. Clandestine lab- 
oratories have produced the stimulants amphetamine, methamphetamine, 
and cocaine, the depressants methaqualone and mecloqualone, the nar- 
cotic drugs heroin and variants of fentanyl, and a wide variety of halluci- 
nogenic drugs including phencyclidine (PCP), lysergide (LSD), and 3,4- 
methylenedioxyamphetamine (MDA). 

In recent years, chemists in clandestine laboratories have synthesized 
substances which produce the pharmacologic effects of controlled sub- 
stances but which are slightly different chemically and thus are not sub- 
ject to the provisions of national or international precepts. These chemi- 
cal variants (or analogues) have consisted of variations of the parent 
compounds fentanyl, meperidine (pethidine), and the hallucinogenic am- 
phetamine derivatives. By selling the analogues, the clandestine manufac- 
turer profits from the distribution of dangerous abusable substances while 
avoiding the penalties levied against those illegally trafficking in con- 
trolled substances. A novel and dangerous aspect of tie current phe- 
nomenon is its application to the clandestine production of highly potent 
synthetic narcotic substances. 

The World Health Organization (WHO) is an international health 
coordinating body which participates very actively within the United 
Nations system leading to the rational use of narcotic drugs and psycho- 
tropic substances with dependence liability. A major task before WHO is 
to recommend narcotic drugs or psychotropic substances for internation- 


al control, WHO has set up guidelines for carrying out reviews of those 
substances which have been approved by its Executive Board and rec- 
ommended by the UN Commission on Narcotic Drugs (CND),. 

The WHO Program Planning Working Group which met in March 
1986 expressed concern about controlled substance analogues and recom- 
mended that WHO review this subject and prepare itself for helping 
countries face the problem. 

WHO participated in the Leadership Conference on Controlled Sub- 
stance Analogues organized by the U.S. Drug Enforcement Administra- 
tion (DEA) in San Francisco June 1986. This meeting brought together 
U.S. based law enforcement and public health officials to discuss the 
problem. The conference recommendations, although addressed to the 
United States, are useful guidelines to be followed by others facing this 
problem. 

WHO convened an expert group in August 1986 and reviewed the 
clinical and pharmacological specifications of substances for control 
under the international drug control treaties involving designer drugs 
(MNH/PAD/86.13). The report specifically describes (page 8 para. 7.2) 
four recommendations which are applicable to the controlled substance 
analogue problem. The recommendations are as follows: 

1. Channels for communications on controlled substance analogues 
should be encouraged among United Nations Division of Narcotic Drugs 
(UN/DND) and WHO, as well as INTERPOL, and Member States with 
necessary and available data. 

2. The establishment of an international collection of reference sub- 
stances should be considered as an extension of the collection of samples 
of controlled substances maintained by UN/DND. Analytical methodol- 
ogy and supplemental analytical data should be compiled and maintained 
by UN/DND for distribution to Member States. WHO should maintain 
pharmacological and public health data on the controlled substance ana- 
logues for distribution to Member States. 

3. The group further suggested that Member States should be alert- 
ed to problems caused by controlled substances analogues. They should 
be made aware of the ability of WHO and UN/DND to help them by 
providing pharmacological, public health, and chemical informat on. This 
group encouraged the exchange of information regarding this problem 
among Member States through national and international meetings. 

4. The group suggested as well that the normal scheduling proce- 
dures should be applied to controlled substance analogues where individ- 
ual substances are involved in international traffic. Amendments to the 
Conventions to encompass emergency control measures may be consid- 
ered if a sufficiently grave situation exists and significant international 
traffic is observed. 

The 24th Expert Committee on Drug Dependence which met in 
April 1987 reviewed the Critical Review document which contained all 
available information on designer drugs. They decided that there was 
sufficient data regarding five of these substances to recommend their 
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control under the 1961 Single Convention in Schedules I and IV, Three 
are fentanyl analogues: (1) alpha-methylfentanyl, (2) acetyl-alpha-methyl- 
fentanyl and (3) 3-methylfentany! and two analogues of meperidine 
(pethidine); (1) MPPP and (2) PEPAP. These substances were recom- 
mended for control by the Director-General of WHO to the Secretary- 
General of the United Nations. A debate on their control took place 
before the U.N. Commission on Narcotic Drugs in Vienna in February 
1987. The five controlled substance analogues recommended by the 
WHO for control under Schedule | and IV of the Single Convention on 
Narcotics, 1961 were so listed in 1988, 

Additional assessments of other controlled substance analogues were 
scheduled for review by the 26th Expert Committee on Drug Depend- 
ence in April 1989. An additional six analogues of fentanyl! and two analogues 
of MDA and one analogue of aminorex were to be reviewed. 

To focus on the important issues and overall problems regarding te 
controlled substance analogues, WHO and DEA (USA) organized the 
Joint Conference on Technical Aspects of Drug Control—Assessment of 
Issues Relative to Illicit Substances of Abuse and Controlled Substance Ana- 
logues which was held in Rabat, Morocco, September 8-11, 1987. The 
conference was co-sponsored by WHO and DEA since both agencies 
share the same goals of reducing harm to the public health and social 
welfare from drug abuse. The conference was a forum for bringing to- 
gether international public health, scientific, legal and law enforcement 
experts to address the varied aspects of the problem. 

Technical issues regarding the clandestine illicit manufacture of 
abused substances were examined. As part of the overall clandestine lab- 
oratory problem, particular emphasis was placed on the phenomenon of 
the controlled substance analogues, their chemistry and pharmacology 
and the risks they present to the public health. Problems regarding the 
illicit manufacture and distribution of the substances were discussed with 
a view toward developing remedies at the national and international levels. 

The chemicals and precursors used in the illicit synthesis of drugs, 
their properties, availability and ease of substitution were also examined. 
The effectiveness of current laws and treaties in dealing with the prob- 
lem were considered. A threat assessment of potential new abusable sub- 
stances from clandestine laboratories was addressed by review of chemi- 
cal processes, structure activity relationships, and the pharmacology and 
toxicology of already abused substances. Special considerations of devel- 
oping countries, researchers, consumers and industry were considered as 


well. 
The following papers represent the proceedings of the Joint Confer- 


ence, the written contributions of the experts, and a summary of the rec- 
ommendations of the paticipants. The papers are compiled in six chapters 
which cover the technical aspects of the problem and include a general 
description of the issues, chemistry, pharmacology, public health risks, 
detection and identification and legal and law enforcement concerns. 
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Recommendations and Proposals 


1, Recognizing that a clear and urgent requirement for an early 
warning system needs to be established under international arrangements, 
a draft resolution should be prepared by the Commission on Narcotic 
Drugs (CND) for adoption by the Economic and Social Council to 
cover the following matters: 

a. to draw attention to the development of illicit controlled substance 
analogue manufacture at the international level; 

b. to establish an early warning system, coordinated by the United 
Nations whereby the competent national authorities would be informed 
quickly of the emergence of new analogues (and the relevant chemical/ 
toxicological data); 

c. to adopt national legal measures against the unauthorized manu- 
facture, distribution and supply of controlled psychoactive substances/ 
narcotic drugs, psychotropic substances, and their analogues. 

2. When a country has evidence of the emergence of a new con- 
trolled substance analogue, it should be considered for international con- 
trol and the United Nations Secretary-General should be notified in con- 
formity with Article 3(1) of the 1961 Convention or Article 2(1) of the 1971 
Convention, 

3. An emergency scheduling procedure by the United Nations with 
provisions, for example, for temporary scheduling pending further 
review should be explored. The procedure should provide for adequate 
technical consultation in order to ensure that any legitimate research into 
such compounds is not adversely affected. 

4. Countries should establish programs with their industries and 
commercial enterprises to ensure adequate surveillance of exports and 
imports of immediate precursors and essential chemicals, and the means 
to intervene where necesssary upon suspicion within the country or in 
cooperation with the authorities of other countries about particular con- 
signments. 

5. A central information system on drug abuse problems at the inter- 
national level should be established in an organization such as the World 
Health Organization (WHO), the United Nations Division of Narcotic 
Drugs (UN/DND), or Interpol. The central system should maintain an 
information bank covering problem identification and intervention pro- 
grams in operation. Each country should establish a corresponding 
system to serve as information bank and clearing-house if possible. 


6. The international organization which becomes responsible for the 
central information system should seek the voluntary participation of a 
group of Member States in launching a pilot study. The international or- 
ganization should encourage another group of countries that share 
common problems to develop a joint system for sharing drug abuse in- 
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formation so that this small system can then be expanded on a worldwide 
basis. The international organization should conduct a survey of existing 
drug abuse information systems within countries so that the international 
data base which will subsequently be established can use existing data 
sources and systems to the maximum extent possible. After worldwide 
information systems have been surveyed, a uniform standardized report- 
ing format should be adopted to enable intra-system exchange of infor- 
mation. Standards for the quality of the information should also be estab- 
lished by the international body. 

7. In relation to recommendation 1(b), above, the WHO and UN/ 
DND should prepare and distribute to health authorities of Member 
States a manual of information reflecting the current state of knowledge 
on controlled substance analogues which must be updated regularly. 
WHO should be the lead agency in the preparation of information on 
chemical, biological and public health aspects; and UN/DND should be 
the lead agency for chemical analysis aspects. The establishment of an 
international collection of reference substances of analogues should be 
considered as an extension of the collection of samples of controlled sub- 
stances currently maintained by UN/DND. In the preparation of the 
manual, advantage should be taken of the specialized knowledge and ex- 
perience of those national agencies with relevant experience in the prob- 
lem. 

The manual should provide, as far as possible, the following infor- 
mation on each substance: 

—chemical nomenclature and structure; 

—physico-chemical characteristics; 

—major pharmacological and toxicological effects observed in ani- 
mals with particular reference to acute toxicity studies; 

—pharmacokinetics (relevant to sample taking); 

—clinical signs and symptoms; 

—management and treatment of the patient; 

—autopsy findings; 

—analytical techniques for chemical identification and assay. 


Welcoming Remarks of His Excellency 
Taieb Bencheikh 


Minister of Health of the Kingdom of Morocco 


I would like to welcome the participants of this joint conference and 
congratulate the World Health Organization and the U.S. Drug Enforce- 
ment Administration for selecting Morocco as the site for the meeting. 


This joint conference will deal with the technical aspects of drug 
control and its purpose is twofold: 


—To identify clandestinely and illicitly manufactured drugs and 
assess the extent of their abuse. 


—To place particular emphasis on analogues of controlled sub- 
stances, their chemical and pharmacological properties, and their risks to 
the public health. 


The qualifications of the participants is exemplified by their expertise 
in areas of drug control, commerce, science, and drug manufacturing. I 
know that they face a very difficult task; each time that experts have 
succeeded in recognizing the misuse of one or two drugs and then in 
publicizing this information and in encouraging governments to pass leg- 
islation, forces of evil who thrive through drug trafficking begin again 
with new drugs of abuse. New counter-methods are needed which unfor- 
tunately require huge financial resources. 


Our task is to never surrender and as it is said in the Koran, our 
holybook, never does good surrender to evil. 


As far as my country is concerned, we support your efforts and we 
will try, through our representatives, to participate and reinforce them. 


We associate ourselves with all the efforts made at the international 
level in order to thwart drug traffic or abuse. 


At a more regional level as well, Morocco is playing a role and is 
participating actively with its neighbors through agreements which have 
been signed with the U.S.A., Italy, Spain and the Federal Republic of 
Germany. 


We are currently discussing a master plan with our guest, the Hon- 
orable Mr. di Gennaro, Executive Director of the United Nations Fund 
for Drug Abuse Control (UNFDAC). I would like to take this opportu- 
nity to thank him personally for the remarkable efforts that he is making 
on the international level for a better understanding of the drug problem 
and better ways to tackle the problem. 


Thank you again for having chosen Morocco to hold this confer- 
ence. I wish you an enjoyable stay in our country and I'm convinced 
that considering the competence of the eminent persons present this con- 
ference will be successful and will help to carry out the struggle against 
drug abuse. 


Welcoming Remarks of the Honorable 
Thomas Nassif 


U.S. Ambassador to Morocco 


It gives me great pleasure, on behalf of my Government which is 
co-sponsoring this conference, and the American Embassy in Rabat, to 
welcome you to this important gathering of experts. 

I will make no pretensions of special knowledge or expertise in the 
subject you will be examining during the next four days. 

However, the major problems you will be addressing, the clandes- 
tine manufacture, trafficking and sale of illicit drugs—so-called “Con- 
trolled Substance Analogues” or ‘Designer Drugs’—is one of the 
Reagan Administration’s primary targets in the war on drugs in the 
United States. 

It is evident, even to a layman, that this has quickly become an 
international social problem of vast proportions. 

It is true, as many persons state, that the social causes which lead to 
drug abuse, particularly in western countries, stimulate demand for the 
growing and processing of traditional drugs, as well as the manufacture 
and iilicit sale of “man-made” drugs. 

My Government is keenly aware that the demand side of drug abuse 
requires increased attention, research treatment facilities and the human 
financial resources to cope with that half of the equation. 

The United States is devoting major new resources to drug treat- 
ment and reduction of drug demand. 

But, we emphatically reject that the abuse of drugs is the sole prov- 
ince of the developed western countries, and that demand reduction 
alone will solve the problem. 

The sad truth is that producer countries all over the world are dis- 
covering—frequently too late—that availability of drugs inevitably leads 
to abuse, and that use of so-called “harmless drugs” frequently leads to 
abuse of harder drugs. 

This conference has been convened in recognition of this simple 
truth: 


That the war on drugs and drug abuse is a common problem of 
mankind and that common solutions—and a unified commitment—are 
needed to reduce and one day hopefully eliminate this scourge of our 
generation. 


I thank you for coming to concert your efforts with those of others 
in the very complex and demanding tasks you have set for yourselves. 


And, I look forward to learning that your efforts will have taken us 
another step closer in controlling substances which threaten the vitality 
of our youth and sap the spirit of our peoples. 

Once again, my sincere welcome on behalf of the Embassy and best 
wishes for a successful conference. 


Statement of Mr. Giuseppe di Gennaro 


Assistant-Secretary General, Executive Director of the United Nations Fund for Drug 
Abuse Control 


The theme of this Conference gives the opportunity to restate a 
basic principle which is sometimes neglected. The distinction between 
licit and illicit drugs does not reside in the molecular structure or the 
composition of the substance. Each substance can be licit or illicit ac- 
cording to its destination and the procedures followed for its production, 
commercialization and consumption. 

The dichotomy between the two categories of licit and illicit drugs 
is determined by the legislator. It is the law, in fact, which regards some 
consumable substances liable for abuse and therefore establishes a system 
of control for suppressing either their availability or for limiting it to par- 
ticular cases and circumstances. This means that a drug becomes illicit 
when in any part of the chain from the production to the consumption, 
there is a violation of the legal provisions ruling the legal system of con- 
trol. The legal provisions providing for drug abuse control can have an 
international or national validity. Corresponding to this there are two 
legal control systems: an international and a national one. Between the 
two systems there can be coincidence in substance and in scope. But the 
national controls can be wider and more severe, for the international law 
creates a minimum obligation for the States which adhere to it leaving 
them free to enact additional provisions for making their internal system 
more efficient. 

From your agenda it appears that you are going to consider the ele- 
ment of “‘clandestinity” as one of the aspects worthy of attention. 

And in fact “clandestinity” fs a frequent attribute of the activities re- 
lated to the various aspects of drug abuse and its day by day relevance 
for the problems posed to detection and identification is out of question. 

However, “clandestinity” is not an inherent quality of drug abuse 
behavior considering that there are instances in which production, traf- 
ficking and misuse are made openly. These are the most serious cases be- 
cause they occur in countries or regions where law enforcement struc- 
ture is completely absent or ineffective. We know that there are places in 
which drug traffickers do not even try to shade their illegal business; 
they act before the eyes of the surrounding community intimidating 
those few who would like to oppose their activities. I am sure that these 
grave situations will receive your attention. 

This Conference will focus predominantly on those synthetic chemi- 
cal drugs which are referred to internationally as psychotropic and narco- 
tic substances. They pose many serious problems because of the exten- 


sion of their abuse and the toxicity of many of them. There are devel- 
oped industrialized countries which are heavily and mainly affected by 
these kind of drugs. Psychotropic and narcotic substances also appear to 
present a tremendous threat to many developing countries as seems to be 
the case of the African continent. 

The illicit trade in psychotropic and narcotic drugs presents charac- 
teristics which are peculiar to it. One distinct element resides in the fact 
that the organizers do not always belong to the normal ranks of criminal- 
ity, they are disguised as businessmen and therefore defined by crimi- 
nologists as “white collar” criminals. 

The circulation of illicit psychotropic and narcotic substances is 
sometimes fostered by commercial entities which operate alongside the 
chain of distribution. In various ways medicines are diverted from the 
normal channels and are therefore subtracted from the legal controls 
under which they should remain. 

The responsibility of these wrongdoers is very high, because they 
present, in certain respects, a higher risk for society. In fact, they belong 
to the category of the so-called ‘opportunist criminals.”’ This means that 
they take advantage of the opportunity offered to them by the profes- 
sional activity, which they are authorized to exercise for the benefit of 
the society, violating the trust that the community has bestowed on 
them. There have been and there are cases in which these criminal 
barons have flooded entire continents with enormous quantities of illicit 
chemical substances. In this particular sector the law enforcement agen- 
cies are confronted with the need to develop a special skill in order to be 
capable to conduct successful investigations in the context of highly so- 
phisticated procedures. It is the duty of pharmaceutical companies to 
take appropriate measures to cooperate in preventing psychotropic and 
narcotic substances from falling into the hands of these unscrupulous 
criminals. 

An important issue in this conference will be that of designer drugs. 
Very little is known about their production, distribution and consump- 
tion. The fact that they can be easily produced everywhere increases our 
concern for the possible harm to the public health but at the same time 
can lead us to think that the powerful crime syndicates controlling the 
international market of illicit drugs may be preoccupied by the spread of 
designer drugs which poses risks for their monopoly of the illicit drug 
trade. 

How much influence this preoccupation is having on the dynamics 
of this particular market at present is not exactly known. 

The few cognitive elements we have at present bring us to think 
that designer drugs while a grave social threat are not yet controlled by 
strong criminal organizations. Anyhow more information is needed to 
anticipate future developments. 


This Conference gives an opportunity to advance the dia'«° < be- 
tween experts in the disciplines of health and law en™..- nen. The 
United Nations Fund for Drug Abuse Control (UNFDAS‘ ) . »: cticular- 


ly interested in following your discussions being well aware of the need 
for a continuous flow of information between these two sectors. In faci, 
the success of the national and international controls on illicit drug traf- 
ficking and abuse is strictly dependent on close collaboration between 
those who have scientific knowledge on the nature, composition and ef- 
fects of the substances and those who have experience in the dynamics of 
the illicit market and related behaviors. 
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Closing Remarks by Dr. Mustapha 
Akhmisse 


Secretary General, Ministry of Public Health, Kingdom of Morocco 


During these past days the Conference participants have been deal- 
ing with the means for better control of drugs and their analogues. They 
have also analyzed their pharmacological, medical and judicial aspects. 
The quality of the suggestions and recommendations which have 
emerged from your discussions attest to the seriousness of the issues. I 
am persuaded that your conclusions will help the international communi- 
ty to better identify those substances and to control their use. 

It is an honor for the Kingdom of Morocco to have hosted this 
Conference and to have profited from the rich experience. Morocco has 
always considered that the fight against drug abuse can be effective only 
with international concertation and cooperation, and for this reason it 
has always associated itself with every national, bilateral and internation- 
al action in this field. 

It has also been with great pleasure during the work of this confer- 
ence to have received Mr. di Gennaro, Executive Director of the United 
Nations Fund for Drug Abuse Control and his collaborator Mr. O’Hara 
with whom it is hoped that Morocco’s willingness to cooperate in the 
fight against drug trafficking will be further confirmed. 

I take this opportunity to thank again the WHO and the DEA for 
all the effort they have always deployed to fight against drug abuse. I 
thank all of those people who have contributed and participated in this 
meeting and I wish you a pleasant stay in our country which you can 
consider your own. In the name of nry Minister, I declare this meeting 
adjourned. 
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Address on Behalf of the World Health 
Organization 


Dr. Inayat Khan 


I bring you greetings from Dr. H. Mahler, Director General of the 
World Health Organization, who considers this meeting an important 
landmark in the efforts of people and nations to achieve health for all by 
the year 2000 as an overriding priority. 

Why does this conference represent an important landmark? Every 
available resource is needed and every individual is important to contrib- 
ute to the achievement of health for all by the year 2000. Chemicals and, 
in particular, drugs are an essential part of our lives. However, the wise 
approach is to choose those which we consider essential or useful and to 
discard those which have shown repeatedly to be creating more prob- 
lems than they relieve or cure in some countries. The very useful and 
essential role of the pharmaceutical industry is ackowledged in these ef- 
forts. 

There are others who have some knowledge about drugs and 
through criminal acts offer to society substances which create tremen- 
dous problems to public health, thus utilizing the already limited re- 
sources available in the health and social welfare section of society. 

The manufacture, trafficking and abuse of clandestinely produced 
drugs has increased dramatically in recent years and have become world- 
wide problems. Chemists in clandestine laboratories have also begun syn- 
thesizing analogues of controlled substances which produce the pharma- 
cologic effects of controlled substances but which, because of slight vari- 
ations in chemical structure, are not subject to the provisions of national 
and international controls. The ‘clandestine manufacture of abusable sub- 
stances including controlled substance analogues (“designer drugs’) 
poses serious threats to the public health and safety as well as problems 
for scientific, medical, legal and law enforcement communities. 

WHO has been advised that priority must be given to review this 
subject and to start a dialogue between health and law enforcement 
agencies both at national and international levels. Never has the time 
been more appropriate than now to start this dialogue and make plans 
for future action. 

The UN Division of Narcotic Drugs and INTERPOL are WHO's 
partners and they accept a joint responsibility to assist and work with 
member states. There are a number of tasks which have already been 
identified, e.g., establishing an international collection of reference sub- 
stances which could be an extension of the collections of samples of con- 
trolled substances maintained by the UN Division of Narcotic Drugs. 


Analytical methodologies and supplementary analytical data are being 
compiled by the UN Division of Narcotic Drugs for distribution to 
member states. WHO in itself needs to maintain data on pharmacological 
effects and associated public health protlems for dissemination to 
member states. 

The recently formulated Comprehensive Multi-disciplinary Docu- 
ment (CMO) at the International Conference on Drug Abuse and Illicit 
Trafficking at Vienna in June 1987 emphasized a closer cooperation be- 
tween law enforcement and health agencies. This conference has been planned 
specifically to implement those recommendations. The purpose of this meeting 
is to: 

1. identify the clandestinely and illicitly manufactured drugs, 

2. assess the public health and safety problems associated with their 
use, 

3. discover ways and means of reducing these problems through dis- 
cussions by the various disciplines and agencies involved, 

4. assign specific responsibilities to the various UN agencies and na- 
tional organizations, 

5. prepare a report and a publication to keep others in this field in- 
formed. 

Lastly, the World Health Organization and I are grateful to the 
Drug Enforcement Administration (USA) for carrying the major respon- 
sibility to convene this conference, technically, administratively and fi- 
nancially. Also to the UNFDAC and its dynamic Executive Director, 
Mr. di Gennaro, for his support, and finally to the Government of Mo- 
rocco and its Minister of Health and his colleagues. I would also like to 
express my appreciation to Dr. Edward C. Tocus of the U.S. Food and 
Drug Administration, for his work on the conference agenda. He is not 
able to participate in this meeting because of illness. We wish him well. 


The Evolution of Designer Drugs 


Gene R. Haislip 


In the early 1980's, United States drug control officials became 
aware of the development of a new and dangerous problem of drug 
abuse and illicit traffic. This was the advent of the so-called “designer 
drugs,’ powerful and toxic analogues of narcotic and hallucinogenic 
drugs which were nevertheless outside of the parameters of existing legal 
controls. Their appearance and spread represented a novel challenge to 
the diverse official and professional communities responsible for dealing 
with the drug problem in the areas of law enforcement, treatment, labo- 
ratory analysis and research. Some of the compounds were extremely 
powerful analogues of synthetic narcotics and thousands of times more 
potent than morphine. Some produced bizarre and unpredictable effects 
with strong evidence of neurotoxicity. This development has understand- 
ably generated alarm within the United States and other countries. The 
lessons of recent decades support the need for concerned experts and of- 
ficials to consider the matter urgently so as to prepare the world commu- 
nity for a new threat to public health and safety. Experience has shown 
that new developments in the drug abuse problem have seldom remained 
long confined to the country of their origin. 

Certain dimensions of the problem, such as those relating to the spe- 
cific biological activity of particular compounds, can only be determined 
through lengthy and careful research. Nevertheless, the phenomenon as a 
whole admits of certain generalities which help elucidate present and 
future concerns. It is important for this reason that experts and authori- 
ties view this development not only in its aspects of novelty and particu- 
larity, but also in the social and historical context in which it is occur- 
ring. Viewed in this manner, it appears that the clandestine manufacture 
of controlled substance analogues is but a further development in the 
latest and most advanced stage of the drug traffic, that of the criminal 
acquisition of the total means of drug production. 

Drug abuse and illicit traffic must be viewed as dynamic phenomena 
which are part of modern culture establishing itself in every corner of 
the world. Indeed, they are tailored to, and largely dependent upon, this 
modern culture of advancing science, technology, and mass production 
of low cost merchandise. And like so many other aspects of this new 
condition of society, much of humanity is uneducated and unprepared to 
cope with it. In this sense, the modern drug problem is conceptually 
identical to the problem of industrial pollution, and the many other 
threats from powerful but potentially destructive technologies. A brief 
review of the historical development of drug traffic and abuse will serve 
to put the problem in its proper context. 


It is sometimes said that drug abuse is nothing new, in fact that it is 
a human tradition, The same may be said for warfare, But the novelties 
of the present circumstance are sufficient to cause alarm and incite rigor- 
ous action even beyond that which was true of the past. For the greater 
part of human experience, drug abuse has been confined to isolated cul- 
tures, ceremonial circumstances, and crude vegetable preparations of rel- 
atively low potency. The only exception is ethyl alcohol which repre- 
sents a public health disaster of major dimensions. Now it may be said 
that, increasingly, none of these restraining and mitigating features ap- 
plies to the modern drug problem. It ts at once characterized by the pre- 
valance of extremely potent substances used addictively across social, po- 
litical, and geographic boundaries and in life circumstances where brief 
individual impairment can quickly cause harm and destruction. The 
change which has occurred ts in the science and technology with which 
drugs are discovered, manufacured, advertised, and marketed. The rapid- 
ly accelerating sophistication in these areas continues to compound the 
dangers of the situation. 

For many years the refinement of naturally-occurring alkaloids rep- 
resented the major advancement. This was the period of the nineteenth 
century and the isolation of morphine from the opium poppy and co- 
caine from the coca leaf. The process was expensive, commerce slow 
and the world still lived by many languages and cultural traditions. Drug 
traffic was still confined to smoking opium. Other problems were caused 
by overzealous marketing of patent medicines. 

The discovery of heroin marked a subtle change. It was a “laborato- 
ry drug” of great potency and did not require great sophistication to 
manufacture. In fact, the illicit heroin laboratory operator is often re- 
ferred to as a “cook’’ because he actually proceeds by a traditional 
“recipe” in his method. Formidable obstacles to the widespread illicit 
distribution of heroin were presented by the great distances of produc- 
tion areas from the ultimate consumers. The same situation pertained 
with regard to the refinement and distribution of cocaine. 

The next major development affecting the drug problem was the de- 
velopment and establishment of a large “high-tech” pharmaceutical in- 
dustry based in large part upon the synthesis of highly potent substances 
of a type and number which had never previously existed. This industry 
could not only create new compounds but produce them from readily 
available chemicals in such enormous numbers as to make them available 
throughout society at modest cost. As a result, all manner of pharmaceu- 
ticals are now widely consumed for a great diversity of purposes relating 
to human need and desire. In addition to those consumed for clear medi- 
cal need, there are numerous preparations available to induce sleep, 
energy, weight loss, growth of muscle tissue, etc. A major controversy 
exists concerning the value and safety of many of these. Market forces, 
however, often perpetuate patterns of substance consumption which are 
clearly harmful to the individual and society as is the case of alcohol and 
tobacco. 


Some of the products of this technological break-through had abuse 
liabilities virtually identical to the natural narcotics and cocaine. Their 
wide availability, low manufacturing costs, and the lack of legal controls, 
led to the growth of a large problem of traffic and abuse. For example, 
in the 1960's, prior to the enactment of the Drug Abuse Control Amend- 
ments of 1965, billions of dosage units of amphetamines and barbiturates 
were manufactured in the United States as compared to the present low 
level. For example, it is estimated that the manufacturing quota for meth- 
amphetamine and amphetamine is now about .005% of what it was in 
1969. This represented the third phase of development in the drug prob- 
lem, the diversion of the products of new scientific synthesis and indus- 
trial technologies. It remains a major factor in virtually all countries, in- 
cluding those developing countries which have no industry of their own 
but are often the unwilling market for others. 

The final phase of the instant problem represents but the latest de- 
velopment which began roughly in the early 1960’s in California. Here, 
for the first time, modern scientific and technological capability was ap- 
plied to the manufacture of drugs of abuse outside of approved channels 
and exclusively for illicit traffic and abuse. Lysergide (LSD) is the proto- 
typic drug of this innovation, but it was soon followed by others such as 
3,4-Methylenedioxyamphetamine (MDA), 4-bromo-2,5-dimethoxyamphet- 
amine (DOB), 4-methyl-2,5-dimethoxyamphetamine (STP), and metham- 
phetamine. It proved that industrial societies such as the United States 
had reached a level where the means of modern pharmaceutical produc- 
tion and the technical knowledge and skill required, were all readily 
available to permit manufacture of synthetic psychoactive substances out- 
side of the established industry. In the intervening period, successful 
legal and law enforcement tools have been developed to deal with these 
problems on an occasional basis, but for whatever reason, not sufficient 
to eliminate it as a major source of traffic and abuse. 

The advent of the “designer drugs” is the second wave of the phe- 
nomenon of clandestine manufactyre of synthetic drugs of abuse. LSD, 
MDA and others would have been called “designer drugs” had they ap- 
peared more recently. Nevertheless, there are novel aspects of the 
present situation which merit attention. The manufacture of controlled 
substance analogues reflects a new level of sophistication in which we 
see that illicit activity can duplicate the technical sophistication of the 
research community manufacturing a seemingly endless variety of ana- 
logues. The potency of the new compounds thus made available may not 
surprise research chemists who have known of such possibilities, but it is 
a new menace in the streets. 

Finally, this development has exposed significant weaknesses in ex- 
isting legal structure, treatment procedure, police, laboratory, and com- 
munity support facilities. It is a case in which illicit science, serviced by 
abundant and relatively inexpensive technical supplies, has moved 
beyond the thought and preparation of the legitimate community. There 
is a need for a more rapid, tightly organized response. 


There is yet another dimension to the problem of clandestine manu- 
facture that must be realized. It is increasingly an international problem 
in which all of the weaknesses exposed in the United States at the nation- 
al level, are greatly magnified. Clandestine manufacture of methamphet- 
amine has existed for some years in both Europe and Asia and appears to 
be significantly increasing. In 1987, the number of such laboratories 
seized nearly doubled in the Federal Republic of Germany. A large 
methamphetamine laboratory was seized for the first time in Thailand. 
3,4-Methylendioxymethamphetamine (MDMA), one of the “designer 
drugs” of the United States, has been seized in Canada, Mexico, Austra- 
lia, and Central and South Americas and a number of European coun- 
tries. A laboratory responsible for the manufacture of more than six mil- 
lion dosage units was seized in Mexico in 1987. It appears that the pre- 
cursor chemicals came from Europe. A suspect citizen of an European 
country recently purchased all of the chemicals and laboratory equip- 
ment necessary for the manufacture of methaqualone and shipped them 
all to an unsuspecting and previously unequipped African country. 

The skill, precursors and equipment for the manufacture of a great 
variety of dangerous drugs of abuse are all cheaply and legally available 
in international commerce and can be quickly moved to any desired lo- 
cation. There are many areas of the world in which such operations can 
be pursued without fear of interference by authorities. In many cases, 
manufacture and distribution of the drugs would not violate the law. In 
most countries, the drugs could not be detected or identified in existing 
facilities. In virtually every society, there is sufficient money to provide 
a profitable market for such drugs in view of the extremely small dosage 
unit cost of manufacture. Finally and regrettably, an increasingly signifi- 
cant number of people in all societies are susceptible to the abuse of 
drugs w’ucn are made available to them. Many of these developments 
are as yet represented by isolated cases. What can happen has not yet 
happened. Responsible officials must realize what they face and what is 
to be done. 

It is with the intention of initiating this process that the Drug En- 
forcement Administration has joined with the World Health Organiza- 
tion in sponsoring this first International Conference of Experts on the 
Problems of Controlled Substance Analogues. 


Designer Drugs: 
The California Experience 


Gary L. Henderson, Ph.D. 


In the last week of December, 1979, two very unusual apparent 
overdose deaths occurred in Orange County, California. Both victims 
had histories of heroin use, were found with paraphernalia, and autopsy 
findings of pulmonary edema and “tracks” were consistent with heroin 
overdose. Surprisingly, toxicological analysis of the body fluids showed 
that no drugs were present. Over the next few months six additional 
similar overdose deaths occurred in Orange County and by the end of 
1980 there was a total of 10 deaths, all of which appeared to be classic 
narcotism deaths, yet no drug could be found. During this same period, 
law enforcement officials seized a number of street samples being sold as 
heroin, but which contained no heroin or, in fact, any other drug. A 
common link between these events was a drug called “China White” 
which the overdose victims were buying and the dealers were selling. 

Initially, the material sold as “China White” was reported as con- 
taining the compound 3-methylfentanyl (Kram et al, 1981). This initial 
identification proved to be incorrect and the drug was later correctly 
identified as alpha-methylfentanyl (Figure 1). Alpha-methylfentanyl is an 
analogue of fentanyl, a very potent narcotic analgesic synthesized in the 
early 1960’s by the Janssen Pharmaceutica Research Laboratories in Bel- 
gium and used throughout the world as an intravenous anesthetic/anal- 
gesic (Janssen, 1963; Gardocki et al, 1964; Janssen, 1965; Reneman, 
1979). 

Illicit synthesis of drugs of abuse is not new. Since the 1960's, clan- 
destine laboratories have been producing drugs such as lysergide (LSD), 
phencyclidine (PCP), amphetamine and methamphetamine. Now, for the 
first time illicit laboratories were producing original narcotic drugs, not 
illicit copies of pharmaceutical products. Even though alpha-methylfen- 
tanyl is chemically and pharmacologically nearly identical to fentanyl 
(alpha-methyl-fentanyl has the same pharmacological properties, but is 
twice as potent as fentanyl as an analgesic), it was technically a new 
chemical entity, not listed in any schedule of the U.S. Controlled Sub- 
stances Act, and therefore not a controlled substance. In fact, alpha- 
methylfentanyl remained uncontrolled until 1981 when it was classified 
as a Schedule I drug (46 FR 46799, 1981). 

The laboratory of the University of California-Davis, School of 
Medicine, Department of Pharmacology, which had developed a very 
sensitive and very specific radioimmunoassay (RIA) for fentanyl (Hen- 
derson ef al., 1975) was therefore asked to investigate these unexplained 


overdose deaths. This assay was first used in pharmacokinetic studies in 
surgical patients shortly after fentanyl was introduced into clinical medi- 
cine (Schleimer et a/., 1978). In 1976, it was learned that fentanyl was 
being used to “dope’’ race horses (Stumes, 1978). Therefore, the proce- 
dure was then modified to detect the drug in race horses (Henderson ef 
al., 1981). In addition the primary metabolite of fentanyl! in the horse was 
isolated and identified (Frincke and Henderson, 1983). 

When body fluids of overdosed ‘‘China White’’ victims were examined by 
RIA, a fentanyl-like compound was identified and it was confirmed to be alpha- 
methylfentany!. The drug was present in blood and urine in very small concen- 
trations, between | and 10 nanogram equivalents of fentanyl per milliliter. Powder 
samples generally contained about one microgram per gram (Henderson, 1983). 
By the time alpha-methylfentany! was placed into Schedule I (September 22, 1981), 
another analogue of fentanyl appeared—para-fluorofentanyl. This compound has 
approximately the same analgesic potency as fentanyl and appeared on 
the street only briefly. In the spring of 1984 another analogue was identi- 
fied—alpha-methylacetylfentanyl. Although this new analogue was very 
similar to alpha-methylfentanyl, it too was technically a new chemical 
entity, and therefore not a controlled substance. Street samples of this compound 
were always found to be contaminated with the acryl analogue which is probably 
a by-product formed during synthesis. Alpha-methylacetyfentanyl is less potent 
than fentanyl (about ten times as potent as morphine), but longer-acting than fen- 
tanyl (just slightly shorter-acting than morphine). 

The succession of new fentanyl analogues appearing on the streets 
continued. In 1983, 3-methylfentanyl was identified in powder samples 
found near a suspected drug overdose victim. The appearance of this 
fentanyl analogue on the street was yet another surprise for although the 
structure of 3-methylfentanyl was similar to previous analogues (Figure 
1), it was extraordinarily more potent. 3-Methylfentanyl may be the most 
potent analogue of the fentanyl series and one of the most potent narcot- 
ic analgesics known. According to Janssen Pharmaceutica, who had re- 
ported on its synthesis and pharmacological properties in rodents, the 
(+)-cis isomer of 3-methylfentanyl is approximately 7,000 times as potent 
as morphine while the (+) trans isomer is approximately 1,000 times as 
potent (Van Bever et al., 1974). 

At this point, the number of fentanyl overdose cases sent to the lab- 
oratory increased dramatically. During 1983, approximately one fentanyl 
case every two months was identified; during 1984 this number quickly 
rose to one case each week (Figure 2). Concentrations of new 
analogue(s) in body fluids were at or below the one nanogram per millili- 
ter level, much lower than for the previous analogues. Also all samples, 
body fluids, powder samples and paraphernalia contained both the cis 
and trans isomers of 3-methylfentanyl and fentanyl. Fentanyl is most 
likely present as a by-product of the synthesis, resulting from the incom- 
plete methylation of the piperidine ring at the 3-position. 3-Methylfen- 
tanyl disappeared almost as quickly as it appeared. It was readily avail- 
able in California from 1983 until the spring of 1985, then virtually disap- 
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peared from the streets. Both the incidence of fentanyl analogue over- 
dose deaths and the number of street samples containing fentanyl ana- 
logues decreased sharply. Even more surprising, the 3-methyl analogue 
was replaced by a mixture of heretofore unknown fentanyl analogues. 
The last powder samples of “China White” obtained in 1985 did not con- 
tain 3-methylfentanyl, but contained a complex mixture of beta-hydroxy-, 
alpha-methyl-, and 3-methyl-substituted fentanyls and thienylfentanyls 
(Figure 1). 

Fentanyl] itself is sold on the street and used as a heroin substitute. 
This material appears to be of clandestine origin, rather than diverted 
pharmaceutical stocks because it is usually found mixed with nearly 
equal amounts of benzylfentanyl. Benzylfentanyl is not pharmacological- 
ly active as a narcotic, but it is a logical precursor for the synthesis of 
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fentanyl. At the present time, the fentanyl/benzylfentany! mixture is the 
only illicit fentanyl available and is confined primarily to the San Diego 
area. During the first six months of 1987 four fentanyl-related deaths, in- 
cluding three overdose cases in California and one in Nevada, have been 
identified. In two of the cases, a fentanyl/benzylfentanyl mixture was 
identified in the body fluids and accompanying paraphernalia. In the 
other two cases the victims were health professionals and their deaths 
appeared to be the result of abusing pharmaceutical fentanyl. 


Methods of Analysis 


All samples were examined initially with the RIA screening method 
and, when sufficient sample was available, positive samples were con- 
firmed by gas chromatography (GC) with electron cap‘ure detection 
(ECD) or mass spectroscopy (MS). Samples (1 ml blood o1 urine, 10 mg 
powder) were first made basic with 1 ml of one normal sodium hydrox- 
ide, then extracted with 4 ml of n-heptane. Solvent was evaporated 
under nitrogen and the residue reconstituted in methanol for RIA, GC- 
ECD, or GC-MS analysis. | 
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RIA 


Most of the samples were screened by the liquid phase “HRIA 
system described previously (Henderson ef a/., 1975; Schleimer ef al, 
1978). Recently a solid phase RIA using '**I-labeled fentanyl and antisera 
immobilized on polypropylene tubes had been used (Diagnostic Products 
Corporation, Los Angeles, CA). 


Gas Chromatography 


Gas chromatographic separation of the various fentanyl analogues 
and derivatized normetabolites was best achieved using a fused silica 
capillary column (DB-1701, 15 m X 0.25 mm I.D.), helium as the carri- 
er gas (1 ml/min) and column temperatures in the range of 190-200° C. 


Mass Spectroscopy 


Mass spectroscopy was used for confirmation of the various fentanyl 
analogues and the derivatized normetabolites. Analyses were carried out 
using a ZAB-HS-2F double focusing mass spectrometer (VG Analytical, 
Wythenshawe, UK) directly interfaced with a Hewlett-Packard 5790A 
gas chromatograph. 


Electron Capture Detection 


Normetabolites of fentanyl and 3-methylfentanyl were detected by 
gas chromatography-electron capture detection using a recently devel- 
oped derivatization technique (Hammargren and Henderson, 1987). Urine 
samples (1 ml) were partially purified by differential pH extraction, then 
reacted with pentafluoropropionic anhydride (PFPA) in a two phase 
system (methylene chloride and urine saturated with sodium bicarbon- 
ate). The resulting pentafluoropropionamides were chromatographed on 
a DB-1701 capillary column and detected with a ®Ni electron capture 
detector. Calibration curves were generated by analyzing urine samples 
fortified with the normetabolites (2-32 ng/ml) and dieldrin (50 pg/pl) as 
the internal standard. Limit of detection for this method is 2 ng/ml for 
norfentanyl and nor-3-methylfentanyl. 


Results 
Since 1980, nearly 4,000 blood and urine samples have been ana- 
lyzed for the presence of fentanyl and its analogues in the University’s 


laboratory. Samples were obtained from three sources: coroner’s and 
toxicology laboratories, methadone maintenance and other drug treat- 
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ment programs, and state and county law enforcement officials. In each 
case heroin use was suspected, but no drug could be detected by routine 
toxicological analysis. It is important to remember that the samples ana- 
lyzed and reported herein were not obtained as part of a systematic 
study, but rather are only a collection of samples referred to the labora- 
tory. Nevertheless, because a large number of samples were obtained 
from nearly every part of California over a seven year period, the data 
does describe, in general terms, a picture of fentanyl abuse in the State of 
California. 


Powder Samples 


The physical appearance of powder samples sold as “China White” 
is as diverse as the names under which they are sold. Samples contained 
very small amounts of the various fentanyl analogues diluted (cut) with 
large amounts of lactose or mannitol. Amount of active drug present was 
exceedingly small, generally less than one percent, and therefore contrib- 
uted nothing to the color, odor, or taste of the sample. Color ranged 
from pure white (sold as ‘Persian White’) to an off-white or light tan 
(sold as “China White”, “Synthetic Heroin”, or Fentanyl"), to light or 
dark brown (sold as “Mexican Brown’). The brown color apparently 
comes from lactose which has been heated and slightly caramelized. Tex- 
ture of the samples ranged from light and finely powdered to somewhat 
coarse, cake-like and crumbly, somewhat resembling powdered milk. Oc- 
casionally, samples had a medicinal or chemical odor, but this is not 
characteristic. In summary, the fentanyl analogues have appeared in all 
the various forms that heroin does and there is nothing about the appear- 
ance of any sample that will identify it as containing fentanyl. 

Most of the powder samples analyzed contained more than one 
compound. Samples which contained 3-methylfentany! always contained 
fentanyl, typically in a ratio of 1.4: 1: 0.25 for fentanyl, cis-3-methylfen- 
tanyl, and trans-3-methylfentanyl, respectively. Samples that contained 
fentanyl also contained benzylfentanyl in approximately equal amounts. 
Some samples contained cocaine; these were generally cut with mannitol. 
Fentanyl analogue users have reported that the drug was available in 
two forms: one form for “shooters” (intravenous administration) and an- 
other for “‘snorters’’ (intranasal administration). 


Overdose Cases 


To date, 110 fentanyl-related overdose deaths have been identified in 
the laboratory. All deaths occurred in California with the exception of 
two cases in Portland, Oregon (1983), one case in Tempe, Arizona 
(1980), and one case in Reno, Nevada (1987). The first death occurred in 
December, 1979 and the most recent death occurred in February, 1987. 
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Figure 3 shows the number of samples found each year containing 
either norfentany! (from alpha-methylfentanyl or fentanyl use) or nor-3- 
methylfentanyl. Figure 4 compares the concentrations of the parent 
drugs (determined by RIA) to those of the normetabolites (determined 
by GC-ECD), 


Figure 3 
Urine Samples from Overdose Cases 
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Distribution of urine samples containing either norfentany| alone or nor-3-methyl- 
fentanyl. Samples were submitted by coroner's and toxicology laboratories and were 
associated with suspected drug overdose deaths. Solid bars indicate the number of 
urine samples each year which contained only norfentanyl. Open bars indicate 

the number of urine samples which contained nor-3-methylfentany). 


Norfentanyl was found every year from 1982 to the present while 
the nor-3-methylfentanyl metabolite was found only from 1983 to 1985. 
Every sample that contained the “normetabolite” of 3-methylfentanyl, 
also contained norfentanyl. Further, the average norfentanyl: cis-nor-3- 
methylfentany! ratio in these samples was 1.4, which is exactly the fen- 
tanyl: 3-methylfentanyl ratio found in powder samples. Urine concentra- 
tions of norfentany!] ranged from 2 to nearly 4,000 ng/ml and nor-3- 
methylfentanyl concentrations ranged from 2 to 94 ng/ml. 

It is surprising that during the period 1983-1985, when the 3-methyl 
analogue was widely available, nor-3-methylfentanyl (and norfentanyl) in 
11 cases and norfentany! alone were found in an equal number of cases. 
Over the eight-year period of collection and analyses of samples, norfen- 
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Figure 4 
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Concentrations of fentanyl, norfentanyl, and nor-3-methylfentany! in urine samples 
from overdose victims. Fentanyl concentrations were determined by RIA. Note 
there is a shift in scale below 1 ng/mi and that values shown at 40 ng/mi actually 
represent samples at or above this value which is the upper limit on the calibration 
curve. Norfentany! and nor-3-methylfentany!l concentrations were determined by 
gas-chromatography-electron capture detection. Values shown at 100 ng/mi for 
norfentany! actually represent samples at or above this value. 


tanyl was found in nearly three times as many overdose cases as was 
nor-3-methylfentanyl. This distribution is unexpected considering the fact 
that the 3-methyl analogue is approximately 20 times as potent (EDso 
0.00058 mg/kg compared with 0.011 mg/kg for fentanyl, rats, iv tail 
withdrawal test) and 8 times longer-acting (four hours compared with 
0.5 hours (Van Bever et al., 1974)). However, these data do support the 
findings by Janssen tnat, in laboratory animals, the 3-methyl analogue has 
a much higher therapeutic index than fentanyl. The therapeutic index 
(LDso/EDso, rats, iv) reported for (+)-cis-3-methylfentanyl, is 1,662 
compared with 255 for fentanyl and 75 for morphine (Van Bever et al. 
1974) 
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3-Methylfentany! is a very attractive synthetic heroin substitute 
indeed. It is relatively easy to synthesize, approximately 1,000 times as 
potent as heroin with about the same duration of action. It has a rapid 
onset of action following intravenous or intranasal administration, and in 
addition has a seven-fold greater therapeutic index. 


Samples From Drug Treatment Programs 


To date there is data on 60 urine samples from suspected fentany! 
analogue users in drug treatment programs. These samples were found 
positive by the RIA screening test and confirmed by the GC-ECD 
method. Either norfentanyl or nor-3-methylfentanyl have been identi- 
fied in all samples and the results are summarized in Figures 5 and 6. 
Norfentanyl was identified in samples from 1982 to the present, while 
nor-3-methylfentanyl was found only from 1983 to 1986 (Figure 5). In 
contrast to the data on the overdose cases, nor-3-methylfentanyl was 
found almost exclusively during the period 1983-1985. As can be seen 
from Figure 6, 50 percent of the samples had concentrations below | ng/ 
ml as determined by RIA. 


Figure 5 
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Distribution of urine samples from drug treatment programs containing either 
norfentany! alone or nor-3-methylfentany!. Samples were obtained from individuals 
suspected of using one of the illicit fentanyls. Solid bars indicate the number of 
urine samples which contained only norfentanyl. Open bars indicate the number of 
urine samples which contained nor-3-methylfentany!. 
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Figure 6 
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Concentrations of fentany|, norfentany|, and nor-3-methylfentany! in urine samples from 
individuals suspected of abusing one of the fentanyls. Fentanyl concentrations 

were determined by RIA. Note there is a shift in scale below 1 ng/mi and that 
values shown at 40 ng/mi, actually represent samples at or above this value which 
is the upper limit on the calibration cu-ve. Norfentanyl and nor-3-methylfentany! 
concentrations were determined by gas-chromatography electron capture detection. 
Values shown at 100 ng/mi for norfentanyl actually represent samples at or 

above this value. 


Conclusions 


The data presented show that the illicit fentanyls have been present 
in California from 1979 until the present time. Use of these drugs peaked 
during 1985 and declined rapidly thereafter. The 3-methyl analogue was 
introduced onto the streets sometime during 1983 and data suggests that 
it was the principal form of fentanyl available until 1986. Since 1986, the 
only form of illicit fentanyl available has been the fentanyl/benzylfen- 
tanyl mixture found almost exclusively in the San Diego area. 
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To date, 110 overdose deaths attributed to the fentanyls have been 
identified, All deaths occurred in California with the exception of two 
cases in Portland, Oregon (1983), one case in Tempe, Arizona (1980), 
and one case in Reno, Nevada (1987), The earliest death occurred in 
1979 and the most recent death occurred in February, 1987. Investigative 
reports and coroners’ findings from a number of fentanyl overdose 
deaths have been collected and reviewed in an attempt to determine a 
profile of the typical fentanyl overdose victim, The “typical” fentanyl 
overdose victim was young (mean age 30, range 18-49), male (74 per- 
cent, 26 percent female), generally employed as a blue-collar worker, and 
usually found in the bathroom or bedroom of his (her) home by family 
or friends. Most often he (she) had a prior history of heroin use, but 
often the family and friends claimed that the individual had not been 
abusing drugs recently. Generally, no other drugs were found; however, 
if another drug were present, it was invariably ethanol, most often 
present at the 0.1 percent level. 


This profile suggests that the fentanyls are not distributed within any 
localized geographical area or to any particular ethnic or age group, but 
seem to be distributed rather uniformly throughout the addict popula- 
tion. However, the geographic distribution of the fentanyl deaths is 
somewhat curious. Most deaths occurred in suburban, even rural areas, 
but not large cities. In fact, there has never been an illicit fentanyl death 
reported in the city of Los Angeles (the largest city in the state) and 
there have been only two reported deaths in San Francisco (the second 
largest city). This unusual distribution remains unexplained but is not the 
result of underreporting because our laboratory routinely examines body 
fluids from unexplained overdose cases submitted by the coroners of 
these two cities. 

The relatively few numbers of 3-methylfentanyl-related deaths com- 
pared with fentanyl and alpha-methylfentanyl is noteworthy. Data 
from drug treatment programs suggest that the 3-methyl analogue was 
the most available form of-fentanyl from 1983-1985, yet this analogue is 
implicated in only one-half of the overdose deaths during this period. 
Perhaps this reflects the much greater therapeutic index of the 3-methyl 
analogue. 


Future Trends 


In view of this author, an increasing number of drugs of abuse in the 
future will be synthetic rather than plant products. They will be synthe- 
sized from readily available chemicals, will be derivatives of pharmaceu- 
ticals, will be very potent and often very selective in their action. In ad- 
dition, they will be marketed very cleverly. “Designer Drugs” may 
become an international problem. A single gram of any very potent drug 
like 3-methylfentanyl could be synthesized at one location anywhere in 
the world, distributed uncut to distribution sites worldwide, and then for- 
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mulated (cut) into many thousand, perhaps up to a million, doses. Pre- 
venting the distribution of such small amounts of material would be ex- 
ceedingly difficult. 

Fortunately, wide distribution of the fentanyls has not yet occurred. 
Use of the fentanyls has been restricted almost exclusively to California 
and at the present time they do not appear to be widely available, even 
in California. However, there were events in 1986 which suggest that the 
fentanyls could appear at any time and would not be restricted to Cali- 
fornia. During 1986, at least two, and possibly four, well trained organic 
synthetic chemists were arrested for synthesizing 3-methylfentany! 
(Hays, 1986; Lewis, 1986). Even more disturbing is the fact that they 
were working in legitimate chemistry laboratories in the eastern United 
States, not in California. Fortunately, these chemists were apprehended 
before they were able to distribute any drug. Again it is important to re- 
member that any chemist who achieves even a nominal yield of a few 
hundred milligrams of the potent fentanyls has at his disposal many mil- 
lions of individual doses of a synthetic heroin. 

Answers to this problem are not readily apparent. The literature 
abounds with synthetic routes and pharmacological properties of thou- 
sands of narcotics, stimulants, hallucinogens, and sedative-hypnotics. This 
information is readily accessible throughout the world and creative 
chemists will continue to exploit the pharmaceutical chemistry literature. 
Restricting access to the literature is not feasible and controlling access 
to the chemicals needed to make these drugs will be minimally effective. 
In the past, restricting chemicals has only stimulated clandestine chemists 
to assemble the drugs from more elementary precursors. Locating these 
laboratories will be a similarly difficult task. When very potent chemicals 
are produced, a clandestine laboratory need operate for only a few days 
to make a few hundred grams of material. Today, the problem is com- 
pounded by a new trend in which legitimate chemists are synthesizing 
illicit drugs in commercial chemical laboratories. 

Traditional responses to drug abuse problems seem to offer little 
promise. In fact, success in curtailing the distribution of natural products 
such as opium, coca and marijuana and preventing the diversion of phar- 
maceuticals is likely to be the stimulus for the development of potent 
synthetic substitutes. The challenge for toxicologists and forensic chem- 
ists is to keep pace technologically. Potent drugs of unusual chemical 
structure will require both broader screening techniques capable of de- 
tecting drugs and their metabolites present at the nanogram and pico- 
gram levels. Simple answers to this problem are not readily appareni, but 
they are not likely to be found unless the problem is first recognized. 
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Statistics and Trafficking Patterns of 
Drugs and Chemicals 


Terrance W. Woodworth and Ian Bain 


Introduction 


The International Criminal Police Organization (OIPC-INTERPOL) 
is an intergovernmental organization, primarily directed toward the pre- 
vention of crime and enforcement of the laws governing criminal activi- 
ty. This includes crimes against persons and/or property, drug-related 
crimes, and economic and financial crimes. Examples are terrorism, drug 
trafficking, stolen art objects, bank fraud, customs violations, mail fraud, 
and the counterfeiting of currency. 

Currently, there are 142 member countries of the INTERPOL orga- 
nization. When a country becomes a member, it establishes a national 
“INTERPOL” office within the member’s law enforcement structure. 
These offices are referred to as NCB's or National Central Bureaus. For 
example, the NCB for the Federal Republic of Germany is located 
within the Bundeskriminalamt, the Federal Criminal Police Office for the 
Federal Republic of Germany. 

The permanent administrative and technical institution through 
which the INTERPOL Organization operates is the General Secretariat 
located in St. Cloud, France. Within the General Secretariat, under the 
Police Division, is the Drugs Sub-Division. The Drugs Sub-Division per- 
forms a variety of functions, all of which are intended to assist the na- 
tional drug services in each of the member countries in combatting inter- 
national drug trafficking. The Drugs Sub-Division is the largest single 
unit of police officers with representatives from about twenty different 
countries. The General Secretariat itself has offices from approximately 
forty different countries. 

In addition to the responsibilities associated with fighting heroin, co- 
caine, and cannabis trafficking, the Drugs Sub-Division is responsible for 
activities associated with other narcotic drugs and psychotropic sub- 
stances. These responsibilities pertain to the regulation, control, and intel- 
ligence collection in five primary drug categories: 

1. The legitimately manufactured narcotic drugs, such as codeine, 
morphine, and pethidine (meperidine), which are subject to the provi- 
sions of the Single Convention on Narcotic Drugs, 1961; 

2. The legitimately produced psychotropic substances, such as am- 
phetamines, barbiturates, and benzodiazepines, which are regulated by 
the Convention on Psychotropic Substances, 1971; 

3. The illicitly produced psychotropic substances, such as ampheta- 
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mine, methamphetamine, and lysergide (LSD), which are also controlled 
under the Psychotropic Convention; 

4. The legally and illegally produced precursors and essential chemi- 
cals, such as phenyl-2-propanone (P2P), acetic anhydride, and ethyl 
ether, which are used to manufacture certain narcotics and psychotropic 
substances; and 

5. The illicitly produced controlled substance analogues, such as the 
narcotics MPPP and alpha-methylfentanyl, of which only a few are con- 
trolled internationally. 


Data and Information Collection 


A major portion of the Drugs Sub-Division’s activities is devoted to 
cooperating and interacting with other international organizations such 
as the Customs Cooperation Council, the United States Division of Nar- 
cotic Drugs, the International Narcotics Control Board, and the World 
Health Organization. For example, the OIPC-. NTERPOL Organization 
has for many years worked very closely with the World Health Organi- 
zation in its substance reviews for international control purposes. Several 
times a year, the World Health Organization requests that OIPC-IN- 
TERPOL query its 142 members concerning the abuse and illicit traf- 
ficking of select substances which are being reviewed. Data and informa- 
tion are collected from OIPC-INTERPOL members by the General Sec- 
retariat and a formal report is then prepared and submitted to the World 
Health Organization. This example of data collection identifies one of the 
Drugs Sub-Division’s information sources relating to illicit drug traffick- 
ing which are as follows: 

1. On a daily basis, the General Secretariat receives messages from 
its member countries concerning on-going drug investigations conducted 
by a member country or jointly by several members. This information is 
reviewed by a Drug Liaison Officer and an Intelligence Officer for ap- 
propriate action by the Drugs Sub-Division. A synthe: 's of the investiga- 
tion is prepared and entered in the General Secretariat's computer 
system; 

2. On a daily basis, the General Secretariat receives messages from 
its member countries concerning seizures of drugs or substances and ar- 
rests of traffickers. This information is also passed to a Drug Liaison Of- 
ficer, an Intelligence Officer, and entered in the General Secretariat's 
automated system; 

3. Within the Drugs Sub-Division, Drug Liaison Officers are as- 
signed specific responsibility for geographic regions of the world. These 
officers are continually in contact with the NCB’s in their area of re- 
sponsibility and are frequently sent on missions to member countries 
where information on trafficking trends and devélopments is collected. 

4. On a regular basis, the Drugs Sub-Division conducts special stud- 
ies of certain drugs, such as those required for the above mentioned 
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World Health Organization substance reviews as well as, various training 
programs and working group meetings. A working group meeting, for 
example, would include a situation where, because of the volume of in- 
formation available at our records center, the Drugs Sub-Division is 
asked to conduct an in-depth analysis of particular traffickers or groups 
of traffickers. The Drugs Sub-Division would then host a working meet- 
ing of the concerned NCB officers at the General Secretariat for the pur- 
pose of exchanging information and developing a common strategy to 
attack and immobilize the trafficking organization; and 

5. Each year the member countries submit a lengthy Annual Nation- 
al Statistical Report detailing such facts as the numbers and nationalities 
of persons arrested, the number of clandestine laboratories neutralized, 
and the number of drug seizures and the quantities seized. 


Current Developments in Illicit Drug Trafficking 


The information provided from the above five sources paint a dismal 
picture of recent developments in drug trafficking. Not only has there 
been an increase in volume, but a geographic expansion has also oc- 
curred. Additionally, the drug trafficker is an ingenious character and in- 
creasingly complex and sophisticated methods of drug diversion are 
being seen. Consequently, if government’s method of control, regulation, 
and investigation do not change, the situation can only get worse. 

The General Secretariat cannot relate every aspect of the drug traf- 
ficking situation, nor identify every new trend or method. That informa- 
tion is simply not available. Although OIPC-INTERPOL’s information 
is very good and quite valuable, it is recognized as being fragmented. It 
is unrealistic to expect, for example, that all 142 INTERPOL members 
be equally efficient in providing information to the General Secretariat as 
well as equally efficient in cooperating with other countries. Yet, in spite 
of its imperfections, the OIPC-INTERPOL data base on drugs and crim- 
inality on the international level is unique in this field. 

The legitimately manufactured pharmaceutical na;cotics, controlled 
under the Single Convention, have decreased in appearance in interna- 
tional traffic in both of the last two years. Some countries, especially the 
United States, continue, however, to experience domestic diversion and 
abuse of drugs such as codeine, oxycodone, and hydromorphone. Yet sei- 
zures in international traffic reported to INTERPOL of the legally-made 
narcotic drugs declined from several million dosage units in 1984 to ap- 
proximately 300,000 dosage units in 1985; and declined again in 1986 to 
just over 200,000 dosage units. In 1987, other than several small seizures 
of methadone—frequently emanating from the Netherlands—internation- 
al seizure reports concerning the pharmaceutical narcotics have not been 
received. 

The legally-made, psychotropic substances appeared in the illicit 
traffic in virtually every area between 1986 and September 1987. The sei- 


23 


zures most frequently reported to the General Secretariat were the vari- 
ous amphetamine types; the allegedly discontinued, Bulgarian aspirin-am- 
petamine; fenethylline; amfepramone (diethylpropion); secobarbital; 
methaqualone; and several of the benzodiazepines. The most widespread 
abuse and trafficking was reported for the benzodiazepines. Significant 
seizures in international traffic were effected in Greece where almost 
70,000 dosage units of flunitrazepam were recovered in two cases in 
1986. In October 1986, 40,000 dosage units of flunitrazepam were seized 
in One case in Switzerland. France and Spain have reported numerous 
small seizures of flunitrazepam in the first seven months of 1987. Addi- 
tionally from the 1986 Annual National Statistical Reports, over fifteen 
million dosage units of benzodiazepines were seized and reported from 
every continent. In 1986, Greece alone reported seizures of over 59 kilo- 
grams of diazepam. In 1987, Israel notified the General Secretariat of the 
abuse of benzodiazepines in their country and the unprecedented mixing 
of flunitrazepam with methadone by drug abusers. Singapore, Indonesia, 
the Philippines, Thailand, and Malaysia have reported significant abuse 
of the benzodiazepines. Malaysia has banned flunitrazepam, and nitraze- 
pam reportedly is filling the void created by this action. The Philippines 
has also noted the increased abuse of dextromethorphan mixed with 
ephedrine. 

The Federal Republic of Germany reported a 3.7 kilograms seizure 
of amfepramone in March 1987 and a month afterwards, a shipment of 
85 kilograms of amfepramone enroute to Spain was stolen at tie Frank- 
furt airport. 

Fenethylline, recently controlled in Schedule II of the Psychotropic 
Convention, continued to pose a tremendous problem for authorities in 
the Near and Middle East with seizures of approximately twenty million 
dosage units in 1986. The seizures of fenethylline in this area of the 
world continue in 1987 and in June of 1987 Turkey reported a seizure of 
1,043,000 dosage units of fenethylline destined for the Middle East. Seco- 
barbital was also frequently seized in the Near and Middle East with re- 
ports of over two million dosage units confiscated in 1986. 

Almost eleven million (11,000,000) dosage units of methaqualone 
were seized worldwide in 1986. This is significant in light of diminished 
production by many countries and the outlawing of this substance by 
many others. Reports of large seizures of methaqualone (dosage units) in 
1986 were received from India (6.7 million), the Federal Republic of 
Germany (just under one million), Hong Kong (408,705), the United 
States (706,531), and African countries (450,000). It is interesting to nc‘ 
that negotiations between Hong Kong and China resulted in the banning 
of the legitimate manufacture of methaqualone by the Chinese Ministry 
of Public Hygiene in May 1987. 

Perhaps the most frightening trend in the last two years has been the 
enormous flow of psychotropic substances into the developing African 
nations. Seizures of methaqualone, amphetamines, and secobarbital were 
10 times the seizures of heroin and cocaine combined, for that continent, 
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for both 1985 and 1986. Additionally, large seizures of ephedrine, 91,200 
by Mali in April 1987, and other stimulants have been seen throughout 
the African continent. Investigative reports reveal that millions of dosage 
units of the internationally uncontrolled substance, pemoline, are entering 
Nigeria from Yugoslavia and the Netherlands, shipped through the 
United Kingdom. 

The third category, the illicitly produced psychotropic substances, 
continues to be primarily a problem facing the industrialized regions of 
the world. However, this trend is changing too with the reported seizure 
of a portable, methaqualone laboratory in the back of a trailer truck in 
South Africa in February 1987. The largest quantities and most frequent- 
ly reported seizures of clandestinely manufactured psychotropics are, by 
far, amphetamine and methamphetamine. Europe, North America, and 
Eastern Asia appear to be the most affected, although illicitly produced 
amphetamine has surfaced with increasing frequency in South America, 
the Pacific, Africa, and the Middle East. Little evidence exists, however, 
that these substances are extensively trafficked beyond the geographic 
region in which they are manufactured. Yet there is always an exception 
to every general trend and such was the case in the summer of 1987 
when Japan seized 53 kilograms of amphetamine which was shipped to 
Japan from Hawaii. Japan, it should be noted, seized over 250 kilograms 
of amphetamines in 1986; and Thailand seized 14.5 kilograms in 1986. 
Both countries experienced this continued increase of amphetamine traf- 
ficking through September 1987. In Europe, 350 kilograms of ampheta- 
mine were seized in 1986: 55 Kilograms in the United Kingdom, 110 
kilograms in the Scandinavian countries, 84.5 kilograms in the Federal 
Republic of Germany and 86 kilograms in the Netherlands. This is a 
huge increase over 1985 amphetamine seizures and the European coun- 
tries are quite concerned about this trend. Methamphetamine seizures 
were reported by the Federal Republic of Germany, Austria, Italy, and 
Japan. However, the most effected region was the United States, report- 
ing seizures of over 31 million dosage units of methamphetamine in 1986. 
PCP, however, was the most frequently mentioned substance by U.S. 
hospital emergency rooms and medical examiners in 1986. 

Seizures of LSD around the world skyrocketed from 200,000 doses 
in 1985 to over four million doses seized in 1986. In Europe, LSD sei- 
zures were reported by almost every country. The Netherlands has con- 
tinued to be an important distribution point in Europe, but the seizure of 
several LSD operations in the Netherlands in 1985 and 1986 accounted 
for a significant drop in LSD seizures in Holland for 1986. However, 
LSD activities in Spain are circumspect with seizures of over 67,000 
dosage units in 1986. The increased LSD trend continues in the United 
States too with amost four million (4,000,000) LSD doses seized in 1986. 
Zimbabwe also reported seizing 105 doses of LSD in 1986. 

New Zealand and Australia continued to experience problems with 
the “back-conversion” of codeine into morphine and then heroin, seizing 
63 such laboratories in those two countries in 1986. 


25 


The problem with illicitly produced psychotropic substances is un- 
derscored with the fact that 657 clandestine laboratories (excluding opi- 
ates, cocaine, and hashish oil) were reported seized in 1986. This is a sub- 
stantial increase over the number of clandestine laboratores seized in 
1985. The General Secretariat also continues to receive reports of clan- 
destine methaqualone laboratories. Four (4) such laboratories were dis- 
mantled in the United States in 1986 and Hong Kong reports that clan- 
destine operations in that region are producing methaqualone in capsule 
form. A dozen INTERPOL members reported frequent seizures of 
heroin which was mixed with methaqualone and other substances during 
1986. Diazepam and secobarbital continue to be ingredients found in fake 
methaqualone tablets. 

Trafficking in precursors and essential chemicals continues to esca- 
late and causes unique enforcement problems for police and regulatory 
authorities. These generally unregulated products flow freely in great 
volume in the legal as well as the illegal commerce. It is apparent that 
the Conventions do not provide adequate control over precursors and es- 
sential chemicals. As evidenced by the multi-fold increases in the num- 
bers and quantities of seizures of illicitly produced psychotropic sub- 
stances and the number of clandestine laboratories dismantled—the 
volume of chemicals diverted for illicit use is obvious. Very simplified, 
but clear, is the trend over the years that as efforts have affected the 
availability and purity of heroin, cocaine, and marijuana, a portion of the 
abusing population turned toward legitimate pharmaceutical substances. 
Now, with some successes in the control of both the pharmaceutical 
drugs and the illicit drugs, certain factions of the abusing population 
have turned toward illicit manufacture. This is not a new trend, but it is 
a new increase; and generally unregulated access to precursors and es- 
sential chemicals is an integral part of this new increase. 

INTERPOL continues to receive information about large seizures 
and trafficking in acetic anhydride, ethyl ether, methylamine, phenyl-2- 
propanone (P2P), phenylacetic acid, ephedrine and other chemicals. A 
recent cooperative case involving the Federal Republic of Germany, 
Belgium, and the United States resulted in the arrest of 28 individuals 
and the unconfirmed seizure of 28 gallons of P2P. Several individuals ar- 
rested were associated with known organized crime elements in the 
United States and this illegal importation operation of P2P extended over 
a lengthy period of time. In Europe, in early 1987, Denmark seized 30 
liters of P2P and 30 liters of methylamine in one case. 

Many countries have initiated programs to counter the movement of 
precursors and essential chemicals in illicit trade, such as tracking pro- 
grams and liaison programs with the chemical industry. Other countries 
have actually placed controls on some of the chemicals and precursors— 
P2P in the Federal Republic of Germany, the United Kingdom, the 
United States, the Netherlands, France, Japan, Sweden, and Denmark; 
piperidine in the United States; and acetic anhydride in Hong Kong and 
Thailand. A very interesting effort initiated by Sweden involves the co- 


operation and exchange of information among many of the Northern Eu- 
ropean and Nordic countries in combatting the illicit amphetamine pro- 
duction in that region. There is a unified effort to share and collect infor- 
mation emanating from each country’s tracking chemical liaison pro- 
grams, coupled with a “signature” type program where seizures over one 
kilogram of amphetamine are being examined for impurities and other 
characteristics with the aim of identifying the clandestine operation. This 
operation has been showing excellent results. 

The discouraging information from this and other programs, is that 
the trafficker is now making his own precursors and essential chemi- 
cals—P2P in Europe and acetic anhydride in Thailand. Two laboratory 
seizures in Thailand, one in late 1986 and one in early 1987, evidenced 
the production of acetic anhydride utilizing acetaldehyde diacetate. 

The final category, the controlled substance analogues or “designer 
drugs” as they have been called, is a recent and extremely dangerous de- 
velopment. To date, INTERPOL has not received any reports on the il- 
licit narcotic analogues from its members, other than the United States. 
In 1986 and through August 1987, the General Secretariat was informed 
of numerous seizures of a nonnarcotic “designer drug’’ 3,4-methylenedi- 
oxymethamphetamine (MDMA) in Spain, Switzerland, Sweden, the 
Netherlands, Australia, the United Kingdom, the United States, and 
Canada. Clandestine laboratories making MDMA have been seized in the 
United States, the Federal Republic of Germany, and the United King- 
dom. The abusive spread of this “designer drug” should put us on the 
alert concerning the narcotic analogues. 


Conclusion 


Each one of the above five categories involves a different type of 
drug or substance; and each category presents a unique set of problems 
relating to enforcement and investigative techniques, specialized knowl- 
edge and experience, different sources of information, and a different 
legal approach. While it is true that the largest diversion of drugs and 
substances occurs at the international level, it is also true that it is the 
national authorities who have the jurisdiction, the power, and the ulti- 
mate responsibility to address the problem of drug trafficking. However, 
no one nation or group of nations can tackle this problem alone. 


27 


SANK PAGE 


The Activities of the Laboratory of the 
United Nations Division of Narcotic 
Drugs in Supporting International Drug 
Control 


Cherif M. Kouidri, Ph.D. 


Introduction 


From the international standpoint, the question of technical aspects 
of drug control has been a concern to the United Nations from as early 
as 1954 when, in accordance with resolution 834 (IX), the General As- 
sembly of the United Nations established the Laboratory of the Division 
of Narcotic Drugs (DND). Since then, the laboratory's activities have 
developed according to the recommendations of the Commission on Nar- 
cotic Drugs (CND) and have included research on opium, cannabis, khat 
and optimal codeine production. 

Today, the main functions and priorities of DND's Laboratory have 
been redefined to take due account of the substantial changes in the 
world drug situation and to respond to the new requirements. 


Training of Scientists 


The laboratory chemist at the national narcoucs or forensic labora- 
tory identifies and analyzes suspected material seized from the illicit drug 
traffic and prepares evidence for legal proceedings. These activities re- 
quire accuracy and precision in order to ensure the prosecution of guilty 
persons and, also, the protection of innocent persons. Therefore, labora- 
tory chemists who are assigned such tasks must possess at least basic 
skills in methods of identifying and analyzing narcotic and psychotropic 
substances. If such skills are lacking, those chemists should be given the 
opportunity to acquire them. The trained chemists would then ensure 
proper application of analytical techniques to the identification and anal- 
ysis of materials most commonly encountered in their respective country 
or region, and provide continuous operation and maintenance of the 
equipment available to them. 

Recognizing the need for the improvement of the professional skills 
of the staff of international narcotics laboratories in developing countries 
and responding to the wishes of the Commission on Narcotic Drugs, the 
DND Laboratory has been providing basic training in methods for the 
identification and analysis of drugs seized from the illicit traffic since 
1958. 
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Today, in designing and implementing training programs, emphasis 
is placed on group training, based on common language or geographical 
region to which the trainees belong. Also, due account is given to the 
variations in the qualifications of trainees, the frequent lack of uniformity 
in the equipment available in their respective national laboratories and 
the scarcity of the necessary technical and scientific information in devel- 
oping countries. These considerations have made it necessary to establish 
standard requirements for effective training so that the knowledge gained 
can be immediately put to use on the return of the trainees to their own 
countries. 

To date, 218 chemists from 79 countries have received such training. 
However, in view of the significantly increased interest in this training 
program, the consequent growth in the number of applicants and the lim- 
ited capacity of DND’s Laboratory, the CND at its thirty-first session, 
felt that a phased decentralization of the basic training activities was nec- 
essary. Such decentralization would: 

—promote at the regional level law enforcement-supporting exper- 
tise in the identification and analysis of material seized from the illicit 
traffic; 

—respond to regional characteristics of the illicit traffic in narcotic 
and psychotropic drugs by providing technical personnel with the train- 
ing skills corresponding to the particular needs of the region; 

—cover the rapidly increasing need in the Asian, Pacific and Latin 
American regions for basic training in laboratory techniques; 

—increase cost-effectiveness of the United Nations training activities 
by reducing the costs per head and by focusing training time on skills 
particularly required in the region. 

After careful analysis the Asian and Pacific Region was selected for 
the first phase of the decentralization process. One training course in- 
volving six chemists from four countries was successfully completed in 
1986 in Bangkok, Thailand, and a second one is due to begin in that city 
in September, 1987 in which again six chemists from four countries will 
participate. 

Preparations for the second phase of decentralization have been com- 
pleted and a training program will be initiated soon in Buenos Aires for 
the Latin American region. 

It is too early to judge whether the decentralized trianing program 
will be more advantageous or more cost-effective than at headquarters, 
but it is clear that a careful evaluation will be undertaken in due time to 
assess that. 


Establishment and/or Strengthening of National Laboratories 
It is not enough to establish qualified, experienced or trained staff. 


These staff, in order to fulfill the role expected of them, need the facili- 
ties and the tools required for the discharge of their duties. 
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DND's laboratory has, since 1974, also been assisting, upon request 
and according to established guidelines, developing countries in regions 
most affected by the illicit traffic of drugs, in te establishment and/or 
reinforcement of their national narcotics/forensic laboratories. Such as- 
sistance includes the procurement of basic laboratory equipment and ma- 
terial, necessary reference textbooks, handbooks, indexes, encyclopedia 
and the like, as well as the provision of reference samples so necessary 
for analytical and research purposes, as well as advice on general safety 
and security in the laboratory. 

It is strongly felt that these national laboratories, with adequate re- 
sources, would effectively fulfill important functions such as: 

(i) the rapid identification and analysis of substances suspected of 
being drugs; 

(ii) the training of local personnel for this purpose; 

(iii) the conduct of scientific investigations and/or research on drugs 
of abuse. 

In responding to requests for technical assistance from Member 
States in connection with narcotics laboratories, the United Nations has 
repeatedly indicated the crucial importance of ensuring that available 
technical skills are commensurate with the choice, acquisition, use and 
maintenance of available equipment. Experience has also shown that 
many of the basic skills and equipment needed for a national narcotics 
laboratory may already exist either, for example, in government laborato- 
ries which have been established for other purposes such as public health 
and drug quality control or in university facilities. 

A first step, when considering the establishment or strengthening of 
national narcotics laboratories is therefore to review existing resources 
and to consider establishing narcotics laboratories in close proximity to 
relevant existing facilities, thus avoiding costly duplication of expensive 
items of equipment and dissipation of technical skills. 

For this purpose, a manual was prepared (DND, 1984) to provide 
practical assistance to national authorities by listing the basic require- 
ments in skills, equipment and reference material which are needed to 
operate a narcotics laboratory. It may also serve as a guide to national 
authorities in assessing existing resources in government and university 
facilities. Not all of the equipment listed is necessarily required in every 
national narcotics laboratory as requirements may vary, for example, be- 
cause of local trends in the illicit traffic and the availability of narcotics 
laboratory facilities on a regional basis. 


Preparation of Working Tools and Manuals 


It is clear that over the past few years, there has been a considerable 
increase in the number of substances now scheduled under international 
control. This increase reflects a rapid diversification of drugs of abuse, 
the intensification of national regulatory efforts and more and more strin- 
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gent national legislation and sentencing provisions. At the same time, the 
seized quantities of drugs already under control, such as the opiates, co- 
caine and coca paste, cannabis products, amphetamine and related com- 
pounds have also shown an alarming and unprecedented increase in cer- 
tain regions. 

Also, owing to the ingenuity of chemists in clandestine laboratories, 
unexpected new illicit drugs or combinations of drugs appear on the illic- 
it market, requiring rapid and adequate action as well as ingenuity on the 
part of forensic chemists. The increased number of controlled substances 
and related legislative provisions places additional pressure on national 
forensic and narcotic laboratories and their staff. Analysts have to be 
able to deal with more substances and preparations and to use faster, 
more accurate and more specific methods for the qualitative identifica- 
tion and quantitative analysis of seized material. This situation presents a 
challenge not only to national law enforcement authorities, but also to 
the technical and scientific staff of forensic laboratories. In addition, the 
international character of drug trafficking requires the rapid exchange of 
analytical data between laboratories and law enforcement authorities 
both on the national and the international levels. Development of inter- 
nationally acceptable methods of testing would contribute greatly to the 
achievement of these objectives, and this possibility has been under con- 
sideration for some time. 

At its eighth special session (1984), the Commission on Narcotic 
Drugs requested the Secretary-General “to investigate the possibility of 
reaching agreement at the regional and interregional levels on recom- 
mended methods of analysis of drugs seized from the illicit traffic.” The 
CND was of the opinion that closer scrutiny and harmonization of the 
wide variety of analytical methods in use at the national level would not 
only ease the task of the staff of national institutions, but would also fa- 
cilitate the exchange of information at regional and interregional levels. 

Based upon those considerations, DND’s Laboratory, in cooperation 
with and financial assistance from the Government of the Federal Re- 
public of Germany through the United Nations Fund for Drug Abuse 
Control (UNFDAC), organized and convened two expert group meet- 
ings in Wiesbaden, Federal Republic of Germany in 1985 and Kuala 
Lumpur, Malaysia in 1986. 

The first meeting dealt with methods for the identification and anal- 
ysis of heroin and cocaine (Expert Group, 1985) and the second meeting 
dealt with cannabis and amphetamine/methamphetamine (Expert Group, 
1986). The established methods recommended by the expert groups 
appear in four manuals (DND, 1984, 1986, 1987a, 1987b) of which a total 
of 900 copies have been distributed to laboratories worldwide. 

Other meetings planned for 1987 include: 

Buenos Aires, Argentina, September 1987 to address new develop- 
ments in the analysis of cocaine, opium and crude morphine and 

Vienna or Brussels in October, 1987 to consider the development of 
guidelines for the establishment of national testing laboratories to body 
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fluids for dependence-producing drugs under international control based 
upon critical evaluation of the legal, regulatory, socio-medical, and 
chemical/biological, technical and financial issues involved. 

Prior to submission to laboratories for analysis the trafficked materi- 
al must be seized and undergo preliminary and presumptive identifica- 
tion. The constantly changing pattern of illicit drug traffic has confront- 
ed customs and frontier control officials particularly in developing coun- 
tries with the difficult and challenging tasks of finding and identifying 
the drugs being smuggled. The task of identification is especially difficult 
at remote frontier crossing points which are far away from well- 
equipped forensic narcotics laboratories. 

Recognizing this problem, the Commission on Narcotic Drugs at its 
twenty-ninth session (1981) recommended, within the long-term strategy 
and the United Nations basic five-year program of action, that the DND 
Laboratory should improve methods for the rapid identification of sub- 
stances seized from the illicit traffic through the use of low cost practical 
drug identification kits in order to assist law enforcement personnel in 
their field operations. 

Indeed, a State's first line of defense against the illicit traffic is at 
frontiers, harbors, ports, airports and other entry points. If traffickers and 
their couriers succeed in passing these points undetected, consignments 
of drugs are often rapidly broken down into retail quantities, and their 
removal from the illicit traffic becomes much more difficult. The use of 
the kits by customs and other frontier control personnel is expected to 
assist iu interdicting illicit traffic and in helping to ensure that the quanti- 
ties of illicit drugs which enter the territory of the States concerned are 
kept in check. Also, it was essential that the kits be easy to use and 
sturdy enough to resist harsh climatic and other conditions which are 
often a feature of remote frontier crossing points and sea ports where 
controls must be effected. 

With the financial assistance of the Government of Austria through 
UNFDAC, DND’s Laboratory developed low cost drug identification 
kits for the rapid presumptive identification of drugs seized from the il- 
licit traffic and in the last three years, has distributed over 2,000 such kits 
to more than 50 countries. 

In a recent Expert Group Meeting held in Vienna last May in coop- 
eration with and with the financial assistance from the Government of 
Austria through UNFDAC, the existing scientific knowledge of color re- 
actions and spot tests for narcotic and psychotropic drugs was reviewed. 
A selection of the most appropriate tests for field and small-scale labora- 
tory operations was made to cover additional classes of substances 
brought under international control relatively recently, for example, ben- 
zodiazepines. In addition, the group saw fit to consider color reactions 
for the field identification of certain precursors, including anthranilic 
acid, ephedrine, norpseudoephedrine, benzyl methyl] ketone, lysergic acid 
and piperidine. The methods recommended by the Expert Group will be 
included in a working manual to be published in the near future and the 
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new generation of UN-produced drug identification kits will incorporate 
the recommendations made by the Expert Group. 

In response to the General Assembly (1985) and the Economic and 
Social Council (1985), the Commission on Narcotic Drugs adopted a res- 
Olution (1985) requesting the preparation of a draft convention. 

This convention is expected to address, inter alia, measures to moni- 
tor or control specific chemicals, solvents and precursors used in the ille- 
gal processing or manufacture of controlled drugs. Article 8 of that Con- 
vention would be the relevant provision. 

The CND therefore felt that a review of the technical elements in- 
volved in the clandestine synthesis of drugs of abuse (e.g. definitions, 
chemicals required) would be needed to make any sound decision in the 
future. A similar feeling was expressed at the Meeting of Operational 
Heads of National Narcotics Law Enforcement Agencies, Far East 
Region (Honlea, 1985) where “it was agreed that it would be very valua- 
ble to develop a comprehensive list of specific precursors, chemicals and 
solvents”. 

Aware of the growing concern of the international community and 
in response to the wishes of the Commission on Narcotic Drugs, the Di- 
vision of Narcotic Drugs has undertaken to prepare this publication 
(1987) as a working reference manual making use of valuable reviews 
supplied by national authorities as well as of available literature. It in- 
cludes lists of: 

(a) essential raw materials and chemicals; 

(b) other chemicals (precursors and reagents); 

(c) solvents. 

These substances are known to have been used in the illicit produc- 
tion (synthesis or extraction) of drugs of abuse. In addition, it provides 
information on impurities, adulterants/diluents and other compounds 
known to be present in the final clandestine products. Useful references 
to the appropriate literature on methods for their identification and anal- 
ysis are also included. 

Because the number and variety of drugs produced clandestinely at 
present is large and constantly growing, the scope of the manual had to 
be limited to those substances under international control which are most 
frequently synthesized or extracted and trafficked clandestinely. 

In response to a request of the Commission on Narcotic Drugs and 
pursuant to the International Drug Abuse Control Strategy, the Division 
of Narcotic Drugs has published the Multilingual Dictionary of Narcotic 
Drugs and Psychotropic Substances Under International Control, de- 
signed to serve as a reference manual to assist concerned national and 
international authorities in their drug control activities, particularly those 
authorities whose tasks have been made difficult by a variety of names 
for products containing controlled narcotic drugs and psychotropic sub- 
stances. The languages used are English, French, Russian and Spanish. In 
addition, the principal names of the drugs in Arabic and Chinese are 
listed alphabetically in annexes. 
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The Dictionary includes substances under international control by 
virtue of the Single Convention on Narcotic Drugs, 1961; the 1972 Pro- 
tocol Amending the Single Convention; and the Convention on Psycho- 
tropic Substances 1971. In addition, the Dictionary provides information 
received in response to an inquiry sent to all Governments concerning 
the names used for substances under international control, as well as for 
preparations containing such substances. 

The Dictionary can help to identify controlled narcotic drugs and 
psychotropic substances among components of pharmaceutical products. 
A vast and growing number of such pharmaceutical products, under a 
variety of trade names, is available in legitimate commerce. Unfortunate- 
ly, many are subject to diversion into the illicit market. In order to 
counter such diversion of drugs, law enforcement officials should have 
ready access to a reference publication to identify suspected substances 
by name. 

The Dictionary also identifies many vernacular names that are em- 
ployed by drug users to describe illicit drugs. The listing of vernacular 
names will assist drug law enforcement officers in identifying drugs of 
abuse when such drugs are being described by the individuals dealing 
with them illegally. 

The Dictionary is an additional working tool that is expected to be 
particularly valuable for officials of customs and related services in- 
volved in the fight against drug trafficking. Similarly, officials concerned 
with monitoring legitimate commerce need to have quick access to the 
information on the nature of substances that are being traded in order to 
establish whether trade in these substances is in conformity with national 
legislation and with the international drug control treaties. It is hoped 
that the Dictionary will help in performing these duties. 

The Multilingual Dictionary will be updated, as necessary, to pro- 
vide new information on the substances dealt with therein and on those 
substances newly brought under international control. 


Reference Samples of Substances Under International Control 


Increasing legal requirements, more stringent national legislation and 
sentencing provisions worldwide put increasing pressure on responsible 
national forensic and narcotic laboratories and their chemists. They are 
increasingly required to provide more specific and accurate results to 
courts of law in identifying and quantitating seized controlled substances. 
This is especially important for drugs most commonly encountered in il- 
licit traffic such as heroin, opium, cocaine, cannabis products and am- 
phetamines. 

In view of this trend, the Commission on Narcotic Drugs at its 
eighth special session stressed the important role of the DND Laborato- 
ry in providing national laboratories with reference samples and in the 
“exchange of appropriate information and analytical data with national 


35 


and regional narcotics and forensic laboratories on. identification and 
analysis relating to reference samples.’”’ The Commission, at its thirty-first 
session (1985), recommended that this activity should be vigorously in- 
tensified. 

In pursuance of those recommendations the DND Laboratory has 
intensified its efforts over the last years to collect and distribute refer- 
ence samples of drugs under international control. Its collection now also 
includes samples of controlled subs'» e analogues, for example, MDA, 
MDMA, MMDA and other ampheiamine-like substances. Certain other 
analogues not yet under international control including those of fentanyl 
are also in the reference collection thanks to the DEA and the Royal 
Canadian Mounted Police. During 1986 alone over 400 reference samples 
were distributed to 44 laboratories in 25 countries free-of-charge. These 
samples are suitable for the routine identification and analysis of seized 
drugs but do not at present have authentication and detailed quality spec- 
ifications. Authentication and establishment of quality specification data 
are being performed in the DND Laboratory and in close collaboration 
with national laboratories, a collaboration with national laboratories, a 
collaboration which the DND highly values. 

It must be pointed out that authenticated samples with quality guar- 
antee of some of the substances under international control are at present 
available at some commercial distributors but the commercial products 
are exceedingly expensive and those distribution programs do not cover 
the entire range of substances that are needed (opioids, cannabinoids, 
coca-products, amphetamines). As a result, those samples are not accessi- 
ble to most narcotics and forensic laboratories, particularly in developing 
countries. There is an urgent worldwide need for such materials to be 
distributed free-of-charge as part of the assistance and collaborative pro- 
grams. 


Reference Collection 


The Reference Literature Collection which was originally estab- 
lished as a source of specialized technical and scientific information is 
being further developed into a modern information center, presently cov- 
ering the broad area of international drug control. 

This repository of information is now, in addition to its traditional 
tasks, actively involved in the collection and dissemination of informa- 
tion on new illicit drugs (designer drugs) as well as new techniques relat- 
ed to the processing and manufacture of new forms of traditional drugs 
(e.g. “crack”, black tar heroin). Further, as an integral part of the con- 
trol techniques, laboratory methods and other relevant material including 
the production of specific technical notes are part of this collection. This 
information is distributed in the form of specific information kits to re- 
questing scientific institutions. 
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The constant increase and changing pattern in the illicit production, 
trafficking, transiting and abuse of drugs require intensified efforts to 
promote international cooperation in combatting illicit drug traffic and 
drug abuse which present an ever increasing threat to the international 
community. 

In the complex worldwide effort to combat the illicit traffic in nar- 
cotic drugs, national narcotics laboratories have an important role to 
play, and the Division of Narcotic Drugs, through its narcotics laborato- 
ry, fulfills a clearing house function and also helps to establish interna- 
tionally accepted norms and guidelines for consistent action in assisting 
national laboratories to carry out their difficult tasks. 

It should be emphasized that the ongoing action-oriented activities 
of the Laboratory just described constitute the core of a technical assist- 
ance program to assist Member States with limited technical and scientif- 
ic expertise and resources. These activities have been recently conceptu- 
ally reformulated and executed by the permanent staff of the Laboratory, 
drawing, as required, on available know-how from collaborative institu- 
tions and scientists in developed Member States. The Division considers 
such collaboration which promotes international participation and soli- 
darity very important in ensuring continuous availability of up-to-date 
knowledge for transfer of skill and technology to countries in need. 
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Synthesis and Evaluation of 
Amphetamine Analogues 


Richard A. Glennon Ph.D. 


Introduction 


The basic structural unit, or parent structure, of amphetamine-relat- 
ed compounds is phenethylamine (i.e., |-amino-2-phenylethane, benzene- 
ethaneamine). Substitution of a methyl group on the alpha carbon of 
phenethylamine results in phenylisopropylamine (i.e., 2-phenyl-1-amino- 
propane, amphetamine; see Scheme 1). A great variety of methods are 
available for the synthesis of these phenalkylamines and ‘heir substituted 
derivatives. What follows is not an exhaustive compilation of these meth- 
ods but is, rather, a discussion of the various types of reactions that have 
been used. The reactions are classified on the basis of the starting materi- 
als employed; this classification is arbitrary and is meant to reflect the 
diversity of starting materials that can be used. Although not all of these 
methods have been applied to the clandestine synthesis of amphetamine- 
related drugs, they are certainly available to anyone who reads the litera- 
ture. Some of these methods, including some of the more sophisticated 
syntheses, have also been described in various popular ‘‘underground” 
publications such as “Drug Manufacturing for Fun and Profit” (Stone 
Kingdom) and “Psychedelic Che nistry” (Rip Off Press). The methods 
described are for the synthesis of racemic mixtures; however, many of 
these syntheses can be modified for the preparation of optically active 
materials, or optically active products can be obtained by resolution of 
the racemates. For a discussion of optically active amphetamine-related 
agents, see a review by Glennon (1984). 

Following the section on synthesis, the discriminative stimulus prop- 
erties of selected phenalkylamines will be discussed. Using animals 
trained to discriminate either (+)-amphetamine or DOM from saline, 
tests of stimulus generalization have allowed the classification of these 
agents as either amphetamine-like or DOM (4-methyl-2,5-dimethoxyam- 
phetamine)-like. 


Synthesis of Amphetamine Analogues 


The most common methods of synthesis are via amination of phen- 
ylpropanones and via the Knoevenagel reaction using benzaldehyde de- 
rivatives. The former method is used primarily, though certainly not ex- 
clusively, for the synthesis of amphetamine and methamphetamine 
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whereas the latter method is of general applicability and is used more for 
the synthesis of phenethylamines and phenylisopropylamines bearing aro- 
matic substituents. 


Synthesis via phenyl-2-propanones 

As mentioned above, the phenylpropanone method is used primarily 
for the synthesis of amphetamine, methamphetamine, and a few other 
compounds, depending on the commercial availability of the requisite 
propanones. However, with the Schedule II control of phenylpropanone 
(phenyl-2-propanone, phenylactone, methyl benzyl ketone, P2P) in the 
Controlled Substances Act in 1980 has come an increased interest in the 
synthesis of this precursor. 


Scheme 1 
Synthesis of amphetamine and methamphetamine 
using the phenylpropanone method. 


fs N-R- NH-R 


(H) 


——_e 


Amphetamine R#H 
Methamphetamine R#=CHs3 


NHe 


There are several variations on the synthesis of amphetamine-related 
agents from phenylpropanone (Scheme 1). Condensation of phenylpro- 
panone with ammonia (or with methylamine) under reducing conditions 
provides amphetamine (or methamphetamine) via the imine intermediate 
(Scheme la). Alternatively, the oxime formed from the reaction of phen- 
ylpropanone and hydroxylamine can be reduced by any one of several 
methods to afford amphetamine (Scheme Ib). A third method for the 
synthesis of amphetamine involves the Leuckart reaction (i.e., reaction of 
phenylpropanone with either formamide or ammonium formate). Use of 
N-methylformamide or a mixture of methylamine and formic acid pro- 
vides methamphetamine (Scheme Ic). Sinnema and Verweij (1981) have 
reviewed the phenylpropanone method and some of the synthetic impuri- 
ties that can be formed in the illicit preparation of amphetamine and 
methamphetamine. Although less common, this general method has been 
used to synthesize, for example, 2,4,5-trimethoxyamphetamine (2,4,5- 
TMA) via the oxime, (Stone, 1963), and MDA (3,4-methylenedioxyam- 
phetamine (i.e., the Love Drug) (Fujisawa et a/l., 1956) and MDMA (3,4- 
methylenedioxymethamphetamine) (i.e., Ecstasy, Adam) (Braun ef al. 
1980a) via the Leuckart reaction. Aryl-substituted phenylpropanones can 
be readily prepared by catalytic reduction of aryl-substituted 2-nitro-1- 
phenylpropenes; thus, entry into a wide variety of substituted derivatives 
is possible. However, because it is usually more convenient to reduce the 
nitropropenes directly to their corresponding amphetamine-related de- 
rivatives with metal hydride reducing agents, this route has not been as 
attractive as it might appear. Nevertheless, this route is important for the 
synthesis of optically-active amphetamine analogues (Nichols ef al. 
1973). 


Synthesis ia the Knoevenagel Reaction 

If the phenylpropanone method is the most common synthesis of 
amphetamine-related agents, the Knoevenagel reaction (or the nitroal- 
kane method) (Scheme 2) is the most general (e.g., see Ho ef a/., 1970; 
Aldous et a/., 1974). This method involves the condensation of an appro- 
priately substituted benzaldehyde with a nitroalkane (usually nitrometh- 
ane for the synthesis of phenethylamine derivatives or nitroethane for the 
synthesis of phenylisopropylamine or amphetamine derivatives) to form a 
2-nitro-1-phenylpropene which can then be reduced by a metal hydride 
reducing agent (Scheme 2a). There are usually only two limitations to 
the reaction: (a) the availability of the requisite benzaldehyde and (b) the 
nature of the substituents. Many of the benzaldehydes are available either 
synthetically or from commercial sources. Lithium aluminum hydride is 
usually used as the reducing agent and most substituents commonly 
found in behaviorally-active amphetamine analogues are generally stable 
to this reagent. The one major exception is halogen; when halogen sub- 
stituent (e.g. bromo, iodo, chloro) is present, lithium aiuminum hydride 
reduction will result in very low yields due to dehalogenation (e.g., see 
Barfknecht and Nichols, 1971); in fact, the dehalogenated product may 
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Scheme 2 


Synthesis of phenylisopropylamines using the 
Knoevenagel reaction. 
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Scheme 3 


Synthesis of phenalkylamines from (a) benzyl alcohols, 
(b) benzoic acids, and (c) benzyl halides. 
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HeC 1 00° 
CH30 ei CHs0 CH30 
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+ | —_—- —-— 
(c) OCHs OCHs OCHs 
Hs Hs Ha 


be the only product isolated from the reaction. Dehalogenation can nor- 
mally be obviated by using alane (AlHs) (e.g. see Glennon et al., 1986a) 
or borane (BHs3) (plus a catalytic amount of sodium borohydride) 
(Mourad et al, 1984) as the reducing agent. 


Several methods are available for the facile preparation of the requi- 


site benzaldehydes. The most common of these are the formylation of 
substituted benzenes by, for example, the Gattermann reaction (e.g. 
Scheme 2b; Sayish ef a/., 1964) or the Vilsmeier reaction (e.g. Scheme 
2c; Jacob et al, 1977) and oxidation of substituted benzy! alcohols (e.g. 
Scheme 2d; Nichols and Kostuba, 1979). 
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Scheme 3 (contd,) 
Synthesis of phenalkylamines from benzene derivatives. 
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Scheme 3 (contd.) 
Synthesis of phenalkylamines from benzene derivatives. 
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Scheme 3 (contd.) 
Synthesis of phenalkylamines from benzene derivatives. 
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Synthesis from Other Aromatic Precursors 

From benzyl alcohols. In addition to oxidation of benzyl alcohols 
to their corresponding aldehydes (for use in the Knoevenagel reaction), 
benzyl alcohols can be converted to their benzyl halides, reacted with 
cyanide, and the resulting phenylacetonitrile reduced to the correspond- 
ing amine. This method has found some application in the synthesis of 
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phenethylamine derivatives such as, for example, mescaline and (as 
shown in Scheme 3a) for 4-methoxyphenethylamine (Kiefer, 1972). 

From benzoic acids. Reduction of benzoic acids affords benzy! al- 
cohols. These benzyl alcohols can be used in reactions similar to that de- 
scribed above; an example of this approach for the synthesis of 2,3,6-tri- 
methoxyphenethylamine (Benington and Morin, 1971) is shown in 
Scheme 3b. 

From benzyl halides. Benzyl halides were used as intermediates in 
the above two reactions. However, Scheme 3c shows the reaction of a 
benzyl halide with the anion generated from butyric acid to yield an acid 
derivative that was subsequently converted to an amine by Curtius rear- 
rangement (Standridge ef al, 1976). The last step of this reaction, the 
Curtius rearrangement, had been used earlier by Schrecher and Hartwell 
(1957) for the synthesis of 3,4-dimethoxyamphetamine (3,4-DMA) from 
2-(3,4-dimethoxyphen yl)propionic acid. 

From phenols. This interesting reaction has been used several 
times to prepare 2-methoxy-substituted derivatives of phenalkylamines. 
Alkylation of the appropriately substituted phenol with an allyl halide 
followed by Claisen rearrangement provides a 3-aryl-l-propene. Nitra- 
tion of this propene with tetranitromethane affords the desired amine 
after alkylation of the phenolic hydroxyl group and reduction. Shulgin 
(1966) has used this method for the synthesis of, for example, 2,4,5-TMA 
(Scheme 3d). 

From substituted benzenes. Most of these reactions involve Friedel- 
Crafts alkylation or acylation reactions. Alkylation of 3,4,5-trimethoxy- 
benzene with N-(2-bromoethyl)phthalimide in the presence of aluminum 
chloride (AICl3) followed by removal of the phthalimido protecting 
group by hydrolysis, results in mescaline (Rabusic and Gregor, 1968). 
Treatment of 4-substituted benzenes (e.g. 4-methoxybenzene) with allyl 
chloride and ferric chloride (FeCls) followed by amination with ammo- 
nia gives the corresponding phenylisopropylamine (Scheme 3f) (Patrick 
et al., 1946). Shulgin (1966) has reported that reaction of 1,2,4-trimeth- 
oxybenzene with butyl lithium and propionaldehyde yields 1-hydroxy-1- 
(2,3,5-trimethoxypheny])propane; treatment of this alcohol with phospho- 
rus bromide (PBr3) followed by dehydrohalogenation to the propene, ni- 
tration of the propene with tetranitromethane, and reduction, affords 
2,3,5-TMA (Scheme 3g). Beckett and co-workers (1965) have prepared 
3,4-DMA by Friedel-Crafts acylation of 1,2-dimethoxybenzene with N- 
[1-(chlorocarbonyl)ethyl]phthalimide followed by reduction and deprotec- 
tion of the terminal amine (Scheme 3h). Perhaps one of the major uses of 
such precursors is for the preparation of benzaldehydes as starting mate- 
rials for the Knoevenagel reaction; the most common method of formy- 
lation is the Vilsmeier reaction (Scheme 31). 

From propiophenones (1-phenylpropanones). This method has been 
principally used for the synthesis of phenalkylamine derivatives bearing a 
benzylic hydroxyl group (e.g. norephedrine-type compounds) but is ame- 
nable to the synthesis of amphetamine analogues. Nitrosation of 1-phen- 
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Scheme 4 


Synthesis of phenalkylamines from 
pre-formed phenalkylamines. 
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ylpropanones followed by reduction provides hydroxyphenalkylamines 
(i.e., phenylpropanolamines) (Hartung ef a/., 1931). The hydroxyl group 
can be fairly readily removed by hydrogenolysis (see next section). 


Synthesis from Pre-formed Phenalkylamines 

Once an appropriate phenalkylamine has been synthesized, it can be 
used as starting material for subsequent reactions. For example, Shulgin 
and Carter (1975) have brominated 2,5-dimethoxyphenethylamine using 
bromine in acetic acid to afford 4-bromo-2,5-dimethoxyphenethylamine 
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Scheme 4 (contd.) 
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(also known as 2-CB; i ¢., the phenethylamine counterpart of 4-bromo- 
2,5-dimethoxyamphetamine (DOB)) (Scheme 4a). Likewise, DOB has 
been prepared by the bromination of 2,5-DMA (Scheme 4a) (Glennon ef 
al, 1986a) and direct bromination of 2,4-DMA provides 5-bromo-2,4- 
DMA (Sepulveda et al, 1972). Zwieg and Castagnoli (1977) have pre- 
pared the 2-hydroxy analogue of DOM by formylation of N-phthali- 
mido-protected 1-(2-benzyloxy-5-methoxyphenyl)-2-aminopropane _fol- 
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lowed by deprotection (Scheme 4b). 2-Amino-4,5-DMA has been pre- 
pared by nitration of 3,4-DMA followed by reduction (Scheme 4c) 
(Stone, 1963). Nitration of 2,5-DMA occurs at the 4-position. Glennon 
and co-workers have taken advantage of this reaction to prepare the 4- 
amino derivative (via reduction of the nitro group) which was used in 
the Sandmeyer reaction; in this way, it was possible to prepare a variety 
of derivatives including DOB and DOI (4-iodo-2,5-dimethoxyampheta- 
mine) (Scheme 4d). One of the methods for the synthesis of methamphet- 
amine involves catalytic hydrogenolysis of ephedrine in the presence of 
acid (Scheme 4e); the hydroxyl group of ephedrine may first be convert- 
ed to a chloro group by reaction with thionyl chloride to facilitate the 
reaction (Allen and Kiser, 1987). 


Synthesis of N-Substituted Phenalkylamines 


With the exception of methamphetamine, N-substituted phenalkyla- 
mines (i.e., phenalkylamines or amphetamine derivatives bearing a sub- 
stituent on the terminal amine function) have received relatively little at- 
tention from a pharmacological standpoint. The recent popularity of 
MDMA has, to some extent, kindled a renewed interest in N-alkyl ana- 
logues. Recent findings from our laboratory (e.g. see Table 1) as well as 
reports by several others (e.g. Benington et al, 1965; Gorrod and Jenner, 
1975; Braun ef al, 1980b) suggest that a re-examination of N-hydroxyl 
(N-OH) phenalkylamines might also be worthwhile. Because many (if 
not most) of these N-substituted agents are not currently controlled, they 
may constitute the next wave of controlled substance analogues that 
might appear on the illicit market. 

N-Alkyl derivatives. N-Methyl phenalkylamines are commonly pre- 
pared by the phenylpropanone method; the synthesis of methamphet- 
amine, for example, is shown in Scheme 1. Aryl-substituted phenalkyla- 
mines can also be prepared by this method depending upon the availabil- 
ity of the phenylpropanone precursors. Some of the other methods de- 
scribed above can also be used; thus, in many of the procedures requiring 
ammonia, substitution of the ammonia by an alkylamine will often afford 
the N-alkyl phenalkylamine. 

The most general method for the preparation of N-alkyl phenalkyla- 
mines is the indirect alkylation of preformed phenalkylamines; for exam- 
ple, acylation of the phenalkylamine and hydride reduction of the subse- 
quent acyl analogue (i.e., formamide, amide, carbamate) provides the de- 
sired N-alkyl derivatives (Scheme 5a). Bailey and co-workers (1975), 
Clark (1984), and Glennon and co-workers (1987b) have prepared a 
number of N-methyl phenalkylamines by reduction of either the N- 
formyl (formamide) or N-carboethoxy (carbamate) derivatives. Six differ- 
ent methods have been used to prepare the N-methyl analogue of MDA 
(i.e, MDMA); these methods have been reviewed by Shulgin (1986). 
Larger alkyl homologues can be prepared in similar fashion; for example, 
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IS 


NH-R 


Table 1 
Some agents to which the 
(+) amphetamine-stimulus generalizes* 
2 
R 
3 
4 
ED50 
Agent R, R,;  - R, R’ X mg/kg §—_- umoles/kg 
AMPH H H H H H2 0.62 3.6 
S(+)AMPH .... H H H H H2 0.42 1.8 
R(—)AMPH H H H H H2 1.23 5.3 
OMA OCH; H H H H2 7.82 38.7 
MMA H OCHs H H H2 3.44 17.0 
PMA H H OCHs H H2 1.91 9.5 
N-Me AMPH H H H CHs H2 0.71 3.8 
S(+)N-Me AMPH H H H CHs H2 0.40 2.1 
S(+)N-Et AMPH H H H CoHs H2 0.87 4.3 
N-OH AMPH H H H OH H2 0.38 1.0 
MDA, ..cccccsssscsssssssssssssssssssssssssseees H —OCH2O—- -—OCH,O- H H2 2.29 10.6 
S(+)MDA H —~OCH,O— -OCH,O- H H2 0.90 4.2 
MDMA ..........000. H —OCH20— -OCH,O—  CHs H2 1.64 7.1 
Cathinone...... H H H H O 0.72 3.8 
S(—)Cathinone ................00000 H H H H O 0.34 1.8 
(+) Cathinone .........ccccsseesee H H H H O 4.41 23.4 
Methcathinone ...................006 H H H CH; O 0.37 1.8 
Propylhexedrine ...................... 2.18 12.3 
Fenethyliine .. - 4.74 12.5 


*All agents are racemates unless otherwise noted. 
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Table 2 


Some agents to which the (+) amphetamine- 
stimulus did not generalize 


Agent R2 R3 R, Rs Re R’ R” Note* 
ie itaentmemcssenessneennesant H H H H H H H 
4-OH AMPH ...............00:0008 H H OH H H CH; H (10) 
2,3-DMA OCH; OCHs; H H H CH; H 
2,4-DMA........:0cccecceeeseeeeeeeees OCH; H OCH; H H CH; H 
N-Me 2,4-DMA ...............0008 OCH; H OCH 3 H H CH; CH; (10) 
2,5-DMA.........cccccecccreeeeeneeee 3 H H OCH3 H CHs H 
2,5-DMA, S( +) sceeiieninaie OCH; H H OCH; H CH; H (9) 
N-Me 2,5-DMA covncncocoecencnees 3 H H OCH; H CH3 CH3 
2,6-DMA............ccccccereeeeseeeee OCH3 H H H OCHs3 CHs H (15) 
3,4-DMA.........::cccsecseceesseeees H OCH3 OCH; H H CH; H 
N-Me 3,4-DMaA .................5 H OCH; OCH; H H CH; CH; 
BD, SADA. ..0sccssrescscccsscesscscseees OCH; —OCH2,0— H H H CH; 
Eas H —OCH20— -—OCH2,0— H H H 
MDA, Ri —) .........cscescceceeees H —OCH2,0— -—OCH20— H CHs3 H 

‘iaiierrmiemmiaeinieaniee H —OCH20— -—OCH2Z0— H CH; CoHs 
MDE, S( + ) seccoeoonnceenececesesenes H _ OCH20 _-— = OCH20 _ H H CH; CoHs 
MDE, P(—) .........cccccscsccsees H —OCH20— —OCH2,0O— H H CHs CaHs 
N-OH MDA ...........ccceeeeeeee H —OCH20— —OCH,0— 4H H CH; H 
3,5-DMA...........cccccessesseereesees H OCH H OCH 3 H CH; CH; (7) 
2,3,4-TMA oc cccceceeeeeeeeeeee OCH; OCH3 OCH 3 H CH; H 
2,3,5-TMA ou... ccececeeeeeeeeees OCH; OCH3 H OCH; H CH3 H 
2,4,5-TMA o.....cccceeeseeeeeeeeees OCH; H OCH 3 OCH; H CH; H 
N-Me 2,4,5-TMA.................. OCH3 H OCH 3 OCH; H CH; CH3 (10) 
2,4,6-TMA -euaenmeanings OCH; H OCH; H OCH3 CH3 H 
BiB B= TIAA .ncsccsccssscsessssorsceess H OCH3 OCH 3 OCH 3 H CH3 
N-Me 3,4,5-TMA.................. H OCH3 OCH 3 OCH3 H CH3 CH3 
2-OMe MDA.................000008 OCH3 H —OCH20— —OCH,0— 4H CH; H 
N-Me 2-OMe MDA.............. OCH; H ~OCH,O— —OCH,O— 4H CH; H (10) 
Mefenorex ...........c:ccccceeceeees H H H H H CH3 CHCl 19CH2Cl 


“Note: Doses of each agent were evaluated until either stimulus generalization occurred (in which case, the data are reported in Table 1) or until ous tion of behavior (i.e., no 
responding) was evident. In several instances, the highest dose of an agent resulted in saline-appropriate responding and higher doses were not evalua ed; in these cases, ‘the 
highest dose tested (mg/kg) is reported in parenthesis. 


Table 3 


Some agents to which the 
DOM-stimulus generalizes.* 


ED50 

Agent R2 R; R, R; Re R R" (umoles/kg) 
2,4-DMA...........ccccccceeceeeeceeeee OCH; H OCH; H H CH; H 21.0 
Rs vesececovsvessesevessenressses OCH; H OCH; H CH3 H 23.8 
2,5-DMA, R(—) ccccccccsessssosee OCH; H H OCH; H CH H 14.0 
BBA TIAA coccsccsssssscssrcereseess OCH; OCH; OCH; H CH3 H 29.8 
2,3,5-TMA .0...ccccceseceeeeeeeeees OCH; OCH; OCH; H CH3 H 63.0 
OE OCH; OCH ; OCH 3 H CH3 H 13.7 
2,4,6-TMA 00... ccccccccccceeeeees OCH; H OCH; OCH3 CH; H 13.9 
3,4,5-TMA ooo ooccccccccceeeeeeeeeeee H OCH, OCH 3 OCH; H CH3 H 24.2 
Mescaline ..................00000 H OCH; OCH; OCH; H H H 67.1 
ee OCH; H CH3 OCH; H CH3 H 1.8 
DOM, Pl —) ............cccceee OCH; H CH3 OCH 3 H CH3 H 0.9 
I GA Descccccscssccsesvesesceees OCH, H CH; OCH; H CH; H 6.9 
des Me DOM........... ........... OCH; H CH; OCH3 H H H 5.6 
N-Me DOM .......0.....00ce OCH; H CH3 OCH; H CH; CH; 15.3 
N-Me DOM R( © cerenerinnyse OCH; H CH; OCH; H CH; CH; 10.0 
OCH; H CoHs OCH3 H CH3 H 0.9 
DOET, F(—) ........ccccccsescees OCH; H CoHs OCH; H CH; H 0.3 
DOET, S( en OCH; H CoHs OCH; H CH; H 3.3 
OCH; H nC3H, OCH; H CH; H 0.6 
Ress OCH; H iC3H7 OCH; H CH; H 2.9 
EE OCH; H NC4Hg OCH; H CH; H 3.2 
ETT OCH; H OCH 3 H CH3 H 5.8 
DOC OCH; H Cl OCH 3 H CH3 H 1.2 
TETRIS OCH; H Br OCH; H CH3 H 0.6 
CS en OCH; H Br OCH 3 H CH3 H 0.3 
DOB, S(+) cocccccsccccccccsssssseees OCH; H Br OCH, H CH; H 2.6 
-Me DOB ................000000 OCH; H Br OCH; H CH; CH; 2.5 
N-nPr DOB ................00000008 OCH; H Br OCH; H CH; nC3H7 13.4 
des Me DOB.................0000.. OCH; H Br OCH; H b H 2.2 
TE OH H Br OCH; H C3 H 0.6 
pet ebacaeheeecseeeteertIUstEeeNs OCH; H | OCH; H CH3 H 1.2 
0 ES a OCH; H | OCH3 H CH3 H 0.7 
ee OCH; H | OCH; H CH3 H 2.6 
Cy Neveseeseeeeeseesessesneestennennennes OCH; H NO» OCH; H CH3 H 2.7 
We ee H —OCH20— —OCH,0— H H CH3 H 7.8 
MDA, R(—) H —OCH,0— —OCH,0— H H CH; H 3.8 
2-OMe MDA................000008 OCH; H —OCH,0— —OCH,0— H CH; H 13.7 

“Note: With the exception of racemic MDA, none of the agents to which the ( alized resulted in stimulus generalization in the DOM-trained 
Other agents to which the DOM-stimulus did not generalize include: MDMA. a \MDMA ‘x + iM A, MDE (the ethy! homolog of Moma). & a. S({+)MDE, N- 


animais. 
OH MDA, HPA, cathinone, Ri +)cathinone, S(— )cathinone, (+ )norpseudoephedrine (cathine), 2,3,-DMA, Oe DMA 3,4-DMA, 3,5-OMA, DOTB, and DO 


FA 


see Braun and co-workers (1980a) for the synthesis of a homologous 
series of N-alkyl analogues of MDA. Other methods that have been em- 
ployed include tosylate displacement (of 1-phenyl-2-propanol tosylates) 
by alkylamines, direct alkylation of phenalkylamines, and reduction of 
imines (formed from the reaction of phenalkylamines and carbonyl com- 
pounds). Schaeffer and co-workers (1975) have used nearly all of the 
possible mnethods to prepare a wide variety of N-alkyl analogues of am- 
phetamine. 

The presence of a carbonyl oxygen on the benzylic carbon atom of 
amphetainine seems to have little effect on amphetamine-like activity, 
compare the activity of amphetamine and its benzylic carbonyl deriva- 
tive cathinone. N-Methylcathinone (methcathinone) was recently pre- 
pared by the chromic acid oxidation of ephedrine (Scheme Sc) (Glennon 
et al., 1987b). 

N-Hydroxy derivatives. Reaction of phenylpropanone with hydrox- 
ylamine (or with an O-alkyl hydroxylamine) affords the corresponding 
oxime; N-OH (or N-OR, where R = alkyl) derivatives are obtained upon 
reduction of these oximes (Scheme 5b) (e.g. see Coutts and Malicky, 
1974). The N-OH derivative of amphetamine can be prepared by lithium 
aluminum hydride reduction (reverse addition) of 2-nitro-1-phenylpro- 
pene; partial reduction affords a mixture of the oxime and the N-OH de- 
rivative and extended reduction times result in the isolation of ampheta- 
mine (Gilsdorf and Nord, 1952). Gal and co-workers (1975) have pre- 
pared the N-OH analogue of DOM in a stepwise manner by reducing 
the nitropropene to a nitropropane with sodium borohydride, followed 
by reduction of the nitro group. Major and Ohly (1961) and Benington 
and co-workers (1965) have prepared and examined the pharmacological 
activity of a number of N-OH and N-OR phenalkylamine derivatives. 
Braun and co-workers (1980a) have prepared and investigated the N-OH 
and N-OMe derivatives of MDA (i.e, N-OH MDA and N-OMe 
MDA). 

Cyciic N-substituted derivatives. Another category of N-substituted 
phenalkylamine derivatives is that in which the N-substituent is cyclized 
to form a ring with the side chain. Some of these agents, for example, 
methylphenidate are synthesized by methods thai are rather distinct from 
those used for the synthesis of most of the other phenalkylamines (Paniz- 
zon, 1944). However, certain other agents, such as phenmetrazine, phen- 
dimetrazine, and aminorex, can be synthesized using some of the already 
described methods. Phenmetrazine can be prepared from norephedrine 
by acylation, reduction, and cyclization as shown in Scheme 6a (Clarke, 
1965). Phendimetrazine the N-methyl analogue of phenmetrazine, has 
been pre, ired via a similar hydroxyethyl intermediate obtained by reac 
tion of ephedrine with ethylene oxide. Reaction of phenylethanolamine 
with cyanogen bromide results in spontaneous cyclization of the hy- 
droxycyanamide to aminorex (Scheme 6b) (Poos er a/, 1963). Use of 
norephedrine in this synthesis in place of the phenylethanolamine pro- 
vides cis-2-amino-4-methy!-5-phenyl-2-oxazoline (1.e., 4-methylaminorex) 
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Scheme 5 


™_ of N-substituted phenalkylamines. 


NHCOR NH-CHaA’ 


(or NH-COOR) 
A-COC) AIH 
(or C1-COOR) 


Where R'= alkyl (or H) 


NH-OR’ 
& 3 S 
OXIME R'= H, alkyl 


NH-CHg NH-CHs 
Methcathinone 


(Poos et al., 1963). This latter agent is an abused substance that has ap- 
peared on the street as U4Euh (Inaba and Brewer, 1987). A series of per- 
hydro oxazolo[3,4-a]pyridines (i.e., cyclic aminorex analogues) has also 
been prepared and evaluated (Scheme 6c) (Wollweber et a/., 1978, 1980; 
Pohl and Wollweber, 1978). Because these molecules possess two asym- 
metric centers (i.e., the 1- and 9-positions), four diastereoisomers are pos- 
sible; Wollweber and co-workers (1980) have examined the activity of a 
number of unsubstituted and aryl-substituted derivatives including their 
isomers. 
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Scheme 6 
Synthesis of some cyclic phenalkylamine analogues. 
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Stimulus Properties of Amphetamine Analogues 


Psychoactive phenalkylamines can be divided into several pharma- 
cological categories of which the two largest are (a) the central stimu- 
lants (i.e., amphetamine-like agents) and (b) the hallucinogens (i.e., 
DOM.-like agents) (Glennon, 1987). We have been studying the mecha- 
nisms of action and structure-activity relationships of psychoactive 
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agents for several years now. However, as a prelude to such studies in- 
volving phenalkylamines, it was necessary to determine which phenalky- 
lamines are amphetamine-like and which are DOM-like. To this extent, 
we have used a drug discrimination paradigm, with rats as subjects, to 
evaluate a large number of such agents. Briefly, the drug discrimination 
paradigm is a “detection” procedure whereby animals can be trained to 
recognize the stimulus effects produced by a given dose of training drug. 
Once trained, these animals can be administered doses of novel agents 
(“challenge drugs’’) in order to determine if these agents produce stimu- 
lus effects similar to those of the training drug. This process is known as 
“stimulus generalization’. Because stimulus generalization is a dose-relat- 
ed phenomenon, the data obtained are quantitative as well as qualitative. 
In effect, the animals can indicate (a) whether a challenge drug produces 
stimulus effects similar to those of a particular training drug and, if it 
does, (b) how potent it is relative to the training drug. Thus, using ani- 
mals trained to discriminate either 1.0 mg/kg of (+)amphetamine sulfate 
or 1.0 mg/kg of racemic DOM hydrochloride from vehicle, we have ex- 
amined a number of phenalkylamine derivatives. See reviews by Glennor 
(1987) and by Young and Glennon (1986) for detailed discussions of the 
procedure and the results of studies on various phenalkylamine deriva- 
tives. 


Studies with (+) AMPH and DOM.-trained animals 

Presented in Tables 1-3 are some representative data generated in 
our laboratory from animals trained to discriminate either (+ )ampheta- 
mine or DOM from saline; although some of the data are new, most of it 
has been previously published. The potencies of amphetamine, its N- 
methyl, N-ethyl, N-hydroxy, monomethoxy, benzylic carbonyl, and sev- 
eral other derivatives, in producing amphetamine-like stimulus effects are 
shown in Table |. [A typical dose-response curve using (+ )ampheta- 
mine-trained animals is shown as Figure |.] None of these agents (with 
the exception of racemic MDA) produced DOM-like effects in the 
DOM-trained animals. [MDA is the only agent that produces both am- 
phetamine-like and DOM-like stimulus effects (with the S-isomer being 
primarily responsible for the amphetamine-like effects and the R-isomer 
for DOM-like effects).] Data for DOM-like activity are shown in Table 
3; none of the agents (with the exception of MDA) that produced DOM- 
like effects produced amphetamine-like effects in (+ )amphetamine- 
trained animals. 

From the data provided in Tables | and 3, it is possible to develop 
structure-activity relationships (SARs). A discussion of the SARs 1s 
beyond the scope of this review; nevertheless, even a casual inspection of 
these tables will reveal that the SAR for amphetamine-like stimulus e/- 
fects is distinctly different from that for DOM-like stimulus effects. 

It should be emphasized that lack of stimulus generalization between 
two agents does not necessarily imply that the agents can not share some 
behavioral components. That is, an agent may behave primarily as a hal- 
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Figure 1 
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Drug discrimination results using rats trained to discriminate ( + amphetamine 
sulfate from saline. Also shown are the results of substitution tests (i.e., tests of 
stimulus generalization) using (+ )N-monomethylamphetamine and 

(+ )N-monoethylamphetamine. (Percent drug-appropriate responding is the percent of 
total responses made on the drug-designated lever.) 


lucinogen in humans but, at the same time, produce a minor central stim- 
ulant effect. Thus, it is possible that stimulus generalization will occur in 
the DOM-trained animals but not in the amphetamine-trained animals. 
On the other hand, certain anorectic agents produce amphetamine-like 
central stimulation in humans; although many of these agents remain to 
be investigated in drug discrimination studies, Dr. R. Young in our labo- 
ratory has shown that aminorex, for example, is at least as potent as am- 
phetamine (Young, 1987). The amphetamine-stimulus also generalizes to 
other anorexics such as phenmetrazine and phendimetrazine (Young, 
1987). 

Certain phenalkylamine derivatives appear to produce neither am- 
phetamine-like (Table 2) nor DOM-like (see footnote to Table 3) stimulus 
effects. Because an agent produces neither amphetamine-like nor DOM- 
like stimulus effects, it should not be assumed that the agent is behavior- 
ally inactive. It does suggest (a) that the stimulus effects produced by the 
agent are sufficiently dissimilar to those produced by either amphetamine 
or DOM so as to be non-recognizable by these animals, (b) that the agent 
can produce some other effect (at low ¢\..cs) that interferes with an am- 
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Figure 2 
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Antagonism of the DOM-stimulus by DOTB. Upper curve is the effect of doses of 
DOTB administered 1 min prior to 1.0 mg/kg of DOM (15-min presession 
injection interval) in DOM-trained rates. Lower curve is the control curve (DOTB 
administered 1 min prior to 1.0 mig of saline using the same animals). Doses 
of >2.5 mg/kg of DOTB (in combination with saline) resulted in distruption of 
behavior, D). Open triangle represents the effect of 1.0 mg/kg of DOM (in the 
absence of DOTB). 


phetamine-like or DOM -like effect (that might otherwise be recognized 
at higher doses) and essentially masks the amphetamine-like or DOM -like 
effect, (c) that the agent may be an antagonist, or (d) that the agent may, 
indeed, be inactive (intrinsically inactive or unable to penetrate the 
blood-brain barrier). For example, the 4-hydroxy analogue of ampheta- 
mine (i.e. 4-OH AMPH), a pharmacologically active agent with periph- 
eral actions, apparently does not readily cross the blood-brain barrier; the 
amphetamine-stimulus does not generalize to 4-OH AMPH and in fact 4- 
OH AMPH fails to serve as a training drug in animals (see Young and 
Glennon (1986) for further discussion). Another example is DOTB, the 
4-tert-butyl analogue of 2,5-DMA; the DOM-stimulus does not complete- 
ly generalize to DOTB (i.e., DOTB elicits < 80% DOM-appropriate re- 
sponding), however, administration of low doses of DOTB in combina- 
tion with the training dose of DOM results in partial antagonism of the 
DOM stimulus (Fig 2). (The antagonism is not complete; administration 
of higher doses of DOTB results in partial generalization.) Thus, the 
most useful and reliable data are those obtained in cases where stimulus 
generalization (i.e., > 80% training-drug-appropriate responding) occurs; 
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Figure 3 
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Dose response curve for racemic MDMA in rats trained to discriminate 1.0 mg/kg 
of MDMA from saline. Also shown are the results of substitution tests (i.e., tests 
of stimulus generalization) using the optical isomers of MDMA. 


when stimulus generalization does not occur, additional studies are neces- 
sary to further characterize the agent. 


Studies with MDA- and MDMaA-trained animals 

As mentioned above, stimulus generalization occurred with MDA in 
animals trained to discriminate (+)amphetamine (Glennon ef al., 1982; 
Kamien ef al, 1986; Evans and Johanson, 1986) and DOM (Table 3) 
from saline, suggesting that MDA is capable of producing both ampheta- 
mine-like and DOM-like stimulus effects. As a consequence, we trained 
rats to discriminate 1.5 mg/kg of MDA from saline. Consistent with our 
earlier findings, the MDA-stimulus generalized to (+ )amphetamine and 
DOM. The MDA-stimulus also generalized to 3,4-DMA, 2,3-MDA, 
MDMA, cocaine and LSD (Young and Glennon, 1986). 

In a separate study, we trained a small group of rats to discriminate 
1.0 mg/kg of racemic MDMA from saline (Glennon et al., 1986b). Stim- 
ulus generalization occurred with both optical isomers of MDMA 
(EDS50=0.23 and 1.0 mg/kg for S(+)- and R(—)MDMaA, respectively) 
(Glennon ef al, 1986b, 1987) to provide an enantiomeric potency ratio 
(R/S) of 4. Recently, using rats trained to discriminate 1.5 mg/kg of 
MDMA from saline, Schechter (198° ) has reported a potency ratio of 2. 
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However, Schechter (1987) has also found that racemic MDMA is more 
potent than either of its isomers whereas we have found that racemic 
MDMA (ED50=0.52 mg/kg) is more potent than R(— )MDMA but less 
potent than S(+)MDMA (see Figure 3) (Glennon e7¢ al, 1986b). In a 
series of preliminary studies, we have also found that N-OH MDA re- 
sults in stimulus generalization in the MDMA-trained animals. Because 
neither the amphetamine-stimulus nor the DOM-stimulus generalized to 
N-OH MDA (see Tables 2 and 3), the use of MDMA as a training drug 
may provide some interesting answers to questions regarding related 
agents such as 2,3-MDA, 3,4-DMA, and MDE (3,4-methylenedioxyethy- 
lamphetamine. 


Summary 


With regard to the synthesis of phenalkylamines, the two most pop- 
ular methods are the phenylpropanore method and the Knoevenagel re- 
action. Both are fairly general reactions but the former is somewhat lim- 
ited due to the lack of commercial availability of precursor phenylpro- 
panones. A wide variety of phenylpropanones is available from a modifi- 
cation of the Knoevenagel reaction but synthesis of the propanones in 
this manner is infrequently reported in the literature. However, this route 
may be attractive to clandestine laboratories because it avoids the use of 
metal hydride reducing agents (that are normally required in the final 
step of the Knoevenagel reaction). 

In addition to the above two reactions (and their modifications), 
other synthetic routes for the preparation of phenalkylamines have been 
reported in the literature; some of these were reviewed (Schemes 2-4). 
One of the key conclusions of this review is that there is a diversity of 
synthetic routes and a variety of different starting materials that can be 
employed in the preparation of these phenalkylamines. 

In the last half of this review, the use of the drug discrimination 
method was discussed. This operant method appears to be of value in the 
classification of phenalkylamines as being either amphetamine-like ~ 
DOM.-like. Because the method provides quantitative as well as quatit. 
tive results, it is possible to obtain data on the relative potencies of the 
agents being investigated. The method is also sensitive to the stereoselec- 
tive effects of drugs and, as s ‘ch, is suitavie tur the examination of opti- 
cal isomers. Though not specifically discussed herein, the method is also 
useful for (a) investigating the activity of metabolites, (b) studying mech- 
anisms of action, (c) examining potential antagonists, and (d) generating 
structure-activity relationships. 

Many phenalkylamines (including certain «f their precursors) are 
contolled substances. However, certain phenalkylamines are not con- 
trolled and, given the wide variety of starting materials, it would certain- 
ly be difficult to limit/monitor the sale of all possible precursors. One 
large group of phenalkylamines that (for the most part) are not con- 
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trolled are the N-substituted phenalkylamines. N-Alkyl derivatives of 
hallucinogenic phenalkylamines are generally less potent than their pri- 
mary amine counterparts; nevertheless, such agents are still active. N- 
Alkyl derivatives of amphetamine-like phenalkylamines are also active 
and the simpler derivatives (such as the N-monomethyl analogues) are 
about as potent as their parent primary amines. A final category of N- 
substituted agents that should not be ignored are the N-OH derivatives. 
Very little information is available on these types of agents; however, the 
N-OH analogue of amphetamine, for example, appears to produce am- 
phetamine-like effects. 

Many of the known phen.'! ylamine analogues have not been thor- 
oughly investigated. Given the number and diversity of synthetic routes 
available for the preparation of phenalkylamines, and because the SARs 
of these agents are at least fairly well understood, many more remain to 
be designed and synthesized. In order to gather information on the po- 
tential abuse liability of these agents, it is important to continue to ex- 
plore relevant pharmacological procedures and to further develop the 
SARs of the available agents. 
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Introduction 


There are thousands of synthetic piperidine derivatives which show 
analgesic activity equal to or greater than morphine in animals, Many of 
these compounds have been evaluated in humans, and several are used 
clinically. Compared to morphine, the substituted piperidines are struc- 
turally simpler and possess much more conformational freedom. Since 
the synthesis of substituted piperidines is relatively easy and since these 
compounds possess increased conformational flexibility, many hypotheses 
concerning structural requirements for analgesic activity have been de- 
veloped. From a practical point of view these studies have led to the 
four classes of analgesics listed in Figure |: (a) the meperidine family, /; 
(b) the ketobemidone family, 2; (c) the prodine family, 3; and (d) the fen- 
tanyl family, 4. 


In this chapter an overview of the synthetic routes to these four 
classes of analgesics is provided. The emphasis has been placed on syn- 
thetic methods which are reasonably well-kuown, relatively easy to con- 
duct, and that have been applied to the synthesis of either clinically 
useful compounds or close analogues and/or compounds that are known 
to have been produced in clandestine laboratories, Much of the informa- 
tion reported is taken from previous reviews (Casy and Parfitt, 1986; Ja- 
cobson ef a/,, 1971; Johnson and Milne, 1981; Lenz et a/., 1986) and some 
original reports. In the prodine and fentanyl classes the synthetic routes 
are illustrated by selected examples from the authors’ laboratory. Much 
of our work on these classes has been carried out under the auspices of 
the United States National Institute on Drug Abuse (NIDA) and the 
United States Drug Enforcen.ent Administration (DEA), 


Synthesis of Meperidine, Ketobemidone and Prodine 
Analgesics 


Structurally the meperidine, ketobemidone and prodine classes are 4- 
carbalkoxy-, 4-ketoxy- and 4-acyloxy-4-arylpiperidines, respectively. In 
contrast, the fentanyl family which is the most potent of the four classes 
has the 4-anilinopiperidine structure. Synthetic procedures used to pre- 
pare key compounds in each of the first three classes are presented in 
this section. Because of their structural difference and personal experi- 
ence with the fentanyl analgesics, synthetic routes to this class are dis- 
cussed in a subsequent section, 


a) Meperidine 

Ethyl |-methyl-4-phenylpiperidine-4-carboxylate (/. meperidine) was 
introduced by Eisleb and Schaumann in 1939 and remains a popular anal- 
gesic. In addition to meperidine, several N-substituted normeperidine 
analogues have shown clinical utility. 

The original synthetic procedure that Eisleb used to prepare meperi- 
dines is shown in Scheme | (Route A). Condensation of the key starting 
material, phenylacetonitrile (5), with bis(2-chloroethyl)methylamine gives 
the 4-cyano-4-phenylpiperidine (6). Subsequent acid hydrolysis of 6 fol- 
lowed by esterification yields meperidine (/). Later modifications in- 
volved the use of less toxic nitrogen mustards in the first step (Route B). 
The resultant intermediate 7 with R; equal to a benzyl, arylsulfonyl or 
carbalkoxy-substituent is converted to N-normeperidine (8) by hydrogen- 
olysis or hydrolysis. N-Methylation of 8 gives meperidine (/). In addi- 
tion, conversion of 8 to N-substituted normeperidine analogues is accom- 
plished using appropriately activated groups and standard methods for 
amine alkylation. 

Meperidine has also been prepared by alternate routes in which the 
piperidine ring is closed by reaction of methylamine with a 1,5-dichloro 
compound prepared in two steps from phenylacetonitrile (5) (cf. Scheme 
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2). In this procedure 5 is first dialkylated with two equivalents of 2- 
chloroethyl vinyl ether to give the bis-adduct //. Milk hydrolysis of // 
gives the bis-hydroxyethyl compound (/2). Conversion to the dihalide /3 
followed by cyclization with methylamine gives 6 which is converted to 
meperidine as shown in Scheme 1. 

However, the easiest and most practical synthesis of meperidine is 
that reported by Blicke et a/. (1952) and shown in Scheme 3. Treatment 
of phenylacetonitrile (5) with 2-chloro-N,N-dimethylethylamine gives the 
bis-adduct /4. When /4 as its mono or dihydrochloride salt is heated to 
its melting point, the 4-cyano-4-phenylpiperidine 6 is obtained. Subse- 
quent conversion of meperidine is carried out as shown in Scheme 1. 
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b) Ketobemidone 

In addition to the meperidine analogues described in the previous 
section, a very large number of other analogues have been prepared. For 
the most part a substituent change at the piperidine C-4 position either 
abolishes or does not greatly improve analgesic activity. An exception is 
ketobemidone (2), which represents a twofold change from meperidine 
and which has analgesic activity equivalent to morphine. In the structure 
of ketobemidone (2), the phenyl becomes a m-hydroxyphenyl and the 
carboethoxy is changed to an ethylketo group. 

Ketobemidone (2) can be prepared by the route shown in Scheme 4 
(Avison and Morrison, 1950). Treatment of m-methoxyphenylacetonitrile 
(15) with bis(2-chloroethyl)methylamine under conditions similar to that 
described for the synthesis of 6 gives 4-cyano-4-(m-methoxypheny])-1- 
methylpiperidine (/6). Subsequent treatment of /6 with ethylmagnesium 
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iodide generates the C-4 ketone /7 which is O-demethylated with aque- 
ous hydrobromic acid to give ketobemidone (2), 

To our knowledge no ketobemidone analogues have been used clini- 
cally. However, |-amyl-4-m-hydroxyphenyl-4-propionylpiperidine (20) is 
almost three times as potent as ketobemidone in mice. Its synthesis is 
shown in Scheme 5 (Oh-Ishi and May, 1973), The N-nor-2-ketobemidone 
(/8) is obtained by treating /7 with ethyl chloroformate, followed by 
acid hydrolysis. Alkylation of /8 with amyl bromide gives the O-methyl 
protected compound /9. O-Demethylation of /9 with hydrobromic acid 
provides 20. 


Scheme 5 
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c) Prodine 

The replacement of the 4-carboethoxy group of meperidine by the 4- 
propionyloxy (OCOC;Hs) group gives prodine (3), the so-called reversed 
ester of meperidine. The structure-activity correlations for prodine 
almost parallel those of the meperidine class of compounds. However, 
the prodine analogues generally show about a twenty-fold increase in ac- 
tivity relative to the meperidine analogues. 

Similar to meperidine, replacement of the N-methyl by selected N- 
substituents increases analgesic activity and provides the most active 
compounds in this class. Maximum activity is found with the N-(3- 
phenyl-3-propanol) analogue (2/) of prodine, which is 3200 times as 
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active as meperidine. The introduction of an alkyl group in the piperi- 
dine 3-position of prodine gives a diastereoisomeric pair of cis and trans 
isomers, When the alky! group is methyl, the trans isomer (22, a-prodine) 
is almost as potent as morphine, whereas the cis isomer (23, B-prodine) 
has at least three times the potency of morphine. a-Allylprodine (24) is 
ten times as active as B-allylprodine (25) and thirteen times as active as 
morphine in mice. 

All possible dimethyl substituted piperidine analogues of prodine 
have been prepared and screened for analgesic activity. The most inter- 
esting analogue is the 2,5-dimethyl compound trimeperidine (26) which is 
used clinically in the USSR. 


;R, = CH, R, = H 
' , = H,R, = C,H, 


22 \R 

21 23; R, = CH, = H & 
24;R 
25;R 


The general route used for the synthesis of prodine with and with- 
out a C-3 substituent is illustrated in Scheme 6. Addition of phenyllith- 
ium to the appropriate 4-piperidone (27) gives the 4-aryl-4-piperidinol in- 
termediate (28). Acylation with propionyl chloride or anhydrides gives 
29. When Rz is not hydrogen, the a- and B-isomers of the disastereoiso- 
meric alcohols (28) are separated before acylation. 

Prodine (3) and 1-(2-phenylethyl)-4-phenyl-4-acetoxypiperidine (32, 
PEPAP) were prepared using methods similar to those shown in Scheme 
6. Treatment of the commercially available 4-piperidones (30a) and (306) 
(cf. Scheme 7) with phenyllithium provided the alcohols (3/a) and (3/6), 
respectively. Esterification of alcohol (3/a) with acetyl chloride and 
sodium carbonate in chloroform afforded 1-(2-phenylethyl)-4-phenyl-4- 
acetoxypiperidine (32). A similar esterification of alcohol (3/6) with pro- 
pionyl chloride gave 1-methyl-4-phenyl-4-propionoxypiperidine (3, pro- 
dine or MPPP). None of the toxic 1-methyl-4-phenyl-1,2,3,6-tetrahydro- 
pyridine (MPTP, 33) was detected during the latter synthesis. 

The 4-piperidones (27) (cf. Scheme 6) are the key starting materials 
for syntheses of the prodine family. In a few cases (cf. Scheme 7) these 
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materials are commercially available. Three routes for the preparation of 
some substituted 4-piperidones are shown in Scheme 8. In route A is il- 
lustrated a general route for the synthesis of (+)-1l-arylalkyl-3-methyl-4- 
piperidones (38) (Beckett et a/., 1959). The monoesters (35) are obtained 
by first reacting the amines (34) with ethyl methacrylate under mild con- 
ditions. Treatment of 35 with ethyl acrylate at higher temperature pro- 
vides the diesters (36). Cyclization of the diesters (36) by Dieckmann 
procedures affords the cyclized products (37). Subsequent hydrolysis and 
decarboxylation gives 38. Methyl methacrylate and methyl acrylate have 
been utilized in this sequence to prepare (+)-3-methyl-1-(8-phenethyl)-4- 
piperidone (38, R= CgHsCH2CHe2) and (+ )-1-benzyl-3-methyl-4-piperidone 
(38, R= CgsHsCHe). In the latter synthesis sodium methoxide was found 
to be preferable for the Dieckmann condensation. 

An alternative synthesis of 38 and other C-3 substituted 4-piperi- 
dones (27) is shown in Route B. Treatment of the amines (34) with two 
moles of ethyl acrylate gives the diesters (39), which yield the cyclized 
products (40) on subjection to the Dieckmann condensation. Alkylation 
of 40 followed by dilute acid hydrolysis provides 27. The first two steps 
of this sequence have been carried out using methyl acrylate and sodium 
methoxide (Jonczyk et al., 1978; Zee et al., 1981). 

The synthesis of (+)-3-allyl-l1-methyl-4-piperidone (44) (Bell and 
Portoghese, 1973) illustrates a third route to substituted 4-piperidones 
(Route C). Ketal exchange between acetone diallyl ketal and 1-methyl-4- 


piperidone (30b) in the presence of p-toluenesulfonic acid gives 42. When 
intermediate (42) is heated, the elimination product (43) is obtained 
which is not isolated but allowed to undergo Claisen rearrangement to 
44. 
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N-Substituted-N-norprodine analogues can be prepared by choosing 
the appropriate N-substituted-4-piperidone (27). 4-Phenyl-4-piperidinol 
(48) prepared as shown in Scheme 9 (McElvain and Safranski, 1950; 
Schmidle and Mansfield, 1956) can serve as a key intermediate in the 
synthesis of N-substituted-N-norprodines. Condensation of a-methylstyr- 
ene (45) with formaldehyde and ammonium chloride followed by acid 
hydrolysis and basification gives the tetrahydropyridine 46. Addition of 
hydrogen bromide to 46 provides 47 which on treatment with sodium 
hydroxide yields 48. The synthesis of the highly potent analogue 2/ from 
48 is illustrated in Scheme 10. 

A procedure similar to that shown in Scheme 10 has been used to 
prepare prodine analogues 5/ and 52 where the R, Ar and Het groups 


were varied. 
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The preparation of the various dimethyl substituted prodine ana- 
logues is also carried out via the 4-piperidone route. This is illustrated in 
Scheme 11 by the synthesis of the 2,5-dimethyl compound trimeperidine 
(26) (Fries and Portoghese, 1974). Oxidation of (53) with chromium tri- 
oxide gives the ketone (54). Subjection of (54) to Michael condensation 
with methylamine yields the intermediate 4-piperidone (55). Addition of 
phenyllithium to (55) provides a mixture of diastereoisomeric alcohols 
which are separated to give the desired y-isomer (56). Propionylation 
with propionyl chloride gives (26). 


Scheme 11 
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Synthesis of Fentanyl Analgesics 


Of the four classes of piperidine analgesics, the fentanyl class has 
provided the most potent compounds. An enormous number of fentanyl 
analogues has been prepared, many of which are substantially more 
potent than morphine. A large number of fentany! analogues has ob- 
tained clinical utility. Since the SAR of the fentanyl family is treated in 
another chapter, this subject will not be addressed here. However, for 
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the purpose of this chapter compounds represented by the general for- 
mula (57) show potent analgesic activity. 
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Beginning in 1981 when street samples of “China White” were iden- 
tified as a-methylfentanyl (Kram eft ai, 1981), an increasing number of 
fentanyl analogues has been identified as “designer drugs’. The efforts to 
curb the abuse of fentanyl analogues have required authentic compounds 
as reference standards and for abuse liability studies. To date over 
twenty analogues have been synt'iesized for this purpose. Many of these 
analogues were compounds req!.ested by DEA. 

Fentanyl] (59a) as well as 2. variety of analogues can be prepared uti- 
lizing the general synthetic route outlined in Scheme 12 (Casy ef ai., 
1969; Jonczyk et al., 1978; Lobbezoo et al., 1980; Lobbezoo et al., 1981; 
Maryanoff et al., 1982; Zee et al., 1981). Condensation of commercially 
available 1-(8-phenethyl)-4-piperidone (30a) with aniline or substituted 
anilines followed by in situ sodium borohydride reduction of the interme- 
diate imines gives the 1-(8-phenethyl)-4-anilinopiperidines (58) in good 
yield. Subsequent acylation of (58) provides the target compounds. Using 
this sequence analogues (59b-59h) were »:epared without difficulty. In 
each case the acylation reaction with the appropriate anhydride was car- 
ried out. 

The thioamide analogue (60) (cf. Scheme 13) was prepared by treat- 
ment of fentanyl base with Lawesson’s reagent (p-methoxyphenylthiono- 
phosphine sulfide dimer) (Fieser, 1980; Pedersen et a/., 1978). This reac- 
tion is applicable to a variety of fentanyl analogues and could be used to 
convert controlled compound into a noncontrolled one. 

Two additional synthetic routes to fentanyl (59a) are shown in 
Scheme 14. The first of these (Zee and Wang, 1980) utilizes 4-anilinopyr- 
idine (6/) as the starting materia! (Route A). Treatmeiut of (67) with pro- 
pionic anhydride affords the amide (62). Subsequent alkylation with B- 
phenethyl! bromide yields the pyridinium bromide intermediate (63). Hy- 
drogenation over platinum oxide reduces the pyridine ring and cleaves 
the propionyl group, affording 1-(8-phenethyl)-4-anilinopiperidine (cf. 
Scheme 12; (58), X=H). A second propionylation reaction gives (59a). 
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Riley et a/. (1973) used a similar approach to prepare a series of fentany| 
analogues containing methy! substituents in the piperidine ring. 

The reaction sequence illustrated in Route B makes use of commer- 
cially available 1-benzoyl-4-piperidone (64) (Zong et a/., 1979). Hydro- 
genation of (64) in the presence of aniline gives |-benzoyl-4-anilinopiperi- 
dine (65) which is subjected to hydrolysis to obtain 4-anilinopiperidine 
(66). Subsequent treatment of (66) with B-phenethyl bromide followed 
by propionylation of the alkylation procuct yields fentanyl (59a). This 


four-step synthesis could also be used to prepare a variety of fentanyl 
analogues since variation of the aniline, B-phenethyl and acyl groups is 
possible, 

The original synthesis of fentanyl (59a) is outlined in Scheme 15 
(Janssen, 1964; Janssen, 1965). Commercially available |-benzyl-4-piperi- 
done (67) is converted to N-(1-benzyl-4-piperidyl)-N-phenylpropanamide 
(69) using conditions essentially identical to those illustrated in Scheme 
12 for the corresponding 1-(8-phenethyl) compounds. Hydrogenolysis of 
(69) gives the versatile intermediate N-(4-piperidyl)-N-phenylpropana- 
mide (70). Subsequent alkylation with B-phenethyl bromide affords (59a). 
Variation of the aniline, acyl and alkylating groups has allowed the prep- 
aration of a wide variety of fentanyl analogues (Janssen, 1965), of which 
one example is the p-fluoro analogue (7/) (Hwang ef al., 1986; Janssen, 
1965). This reaction sequence has been utilized to prepare the benzyl 
analogue (69) as well as N-(4-piperidyl)-N-phenylpropanamide (70). 
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As illustrated by the examples in ihe above paragraph and elsewhere 
in this section, the fentanyl analogues have been named as amide deriva- 
tives, Other systematic methods are also available for naming these com- 
pounds. However, the use of a systematic nomenclature is preferable to 
the use of trivial names because the latter names are often inaccurate. A 
case in point is provided by the p-fluoro analogues (59g) (cf. Scheme 12) 
and (7/) (cf. Scheme 15). Analogue (59g) is known as “‘p-fluorofentany!” 
(Baum, 1985) and analogue (7/) is called “fluorofentanyl” (Hwang, 
1986). Neither name distinguishes one analogue from the other. Use of 
the names N-[1-(2-phenylethy])-4-piperidyl]-N-(p-fluorophenyl)propan- 
amide and N-[1-[2-(p-fluorophenyl)ethyl]-4-piperidyl]-N-phenylpropan- 
amide for (59g) and (7/) provides a clear distinction. Such distinctions 
could be extremely important in regulatory matters. 

N-(4-piperidyl)-N-phenylpropanamide (70) (cf. Scheme 15) has been 
utilized as a starting material for the preparation of several fentanyl ana- 
logues having different substituents attached to the piperidine nitrogen. 
Both the structures of the analogues and the reagents used in the prep- 
arations are summarized in Table |. The (2-thienyl)methyl chloride and 
2-(2-thienyl)-ethanol tosylate were prepared by standard procedures, and 
the 1-(2-thienyl)-2-propanone was derived from 2-thiophenecarboxalde- 
hyde using the nitroalkene route reported by Hass et a/. (1950). The re- 
maining reagents were commercially available. Four of the synthetic pro- 
cedures involved displacement of halogen or tosyl in accordance with a 
general procedure (Janssen, 1965). The two reductive amination proce- 
dures took advantage of the selective reduction of the iminium moiety by 
cyanoborohydride at the appropriate pH (Borch ef a/., 1971). The use of 
styrene oxide in the preparation of (72/) was based on a reported proce- 
dure (van Daele et al., 1976). Analogues (72c) and (72d) (a-methylfen- 
tanyl) were previously prepared by Janssen (1965). 

Introduction of a 3-methyl group into the piperidine ring of fentanyl 
is known to enhance analgesic activity with the cis diastereoisomer being 
approximately eight times more active than fentany! (van Bever ef ai., 
1974). A general scheme for the preparation of some cis- and trans-3- 
methylfentany! analogues is depicted in Scheme 16. Condensation of the 
(+)-1-arylalkyl-3-methyl-4-piperidones (38) (cf. Scheme 8, Route A) with 
aniline provides the intermediate imines (73) which are reduced in in situ 
to generate a mixture of (+)-cis- and (+)-trans-1-arylalkyl-3-methyl-4-an- 
ilinopiperidines (74) (Maryanoff et ai, 1982). Separation of the isomers 
followed by propionylation provides the cis (75C) and trans (757) ana- 
logues. Starting with (+)-3-methyl-1-(B-phenethyl)-4-piperidone (38, 
R=CsHsCH2CHp), (+)-cis-3-methylfentanyl (75C, R=CsHsCH2CHe) 
and (+)-trans-3-methylfentanyl (757, R=CsHsCH2CH2) were synthe- 
sized using this approach. Likewise, starting with (+)-1-benzyl-3-methyl- 
4-piperidone (38, R=CsHsCHe) the corresponding benzyl analogues 
(75C) and (757) (R=CsHsCHz) were prepared. The cis:trans isomer ratio 
was approximately 2:1 in the B-phenethyl series and approximately 4:1 in 
the benzyl series. The 3-methylfentanyl analogues prepared via the 4-ani- 
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linopyridine route (vide supra) were exclusively the cis isomers (Riley et 
al, 1973), 

The isomer separation step shown in Scheme 16 also serves as a pu- 
rification step. The condensation of (+)-3-methyl-1-(8-phenethyl)-4-pi- 
peridone (38, R=CsHsCHsCHy) with aniline does not go to completion. 
The unreacted ketone is reduced by sodium borohydride to a mixture of 
alcohols which contaminates the (= )-cis/trans-3-methyl-1-(8-phenethyl)- 


Scheme 16 
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4-anilinopiperidine (74, R= CasHsCHaCHg), If this material is used with- 
out purification, the mixture of alcohols is subsequently esterified in the 
propionylation reaction to give (+)-cis/trans-3-methyl-1-(8-phenethyl)-4- 
propionoxypiperidine, These isomeric esters are impurities in (+)-cis/ 
trans-3-methylfentanyl which we prepared without the isomer separation 
step. It is suspected that these isomeric esters are among the impurities 
observed in street samples of 3-methylfentanyl. 

By analogy to N-(1-benzyl-4-piperidyl)-N-phenylpropanamide (69) 
(cf. Scheme 15), hydrogenolysis of the benzyl analogues (75C) and (757) 
(R=CsHsCHe) is expected to provide intermediates useful for the syn- 
thesis of additional analogues. This was accomplished with the (+)-cis 
isomer to obtain (+)-cis-N-(3-methyl-4-piperidyl)-N-phenylpropanamide 


TSC (R = CeHsCH,) 
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Table 1 
Fentanyl Analogues Prepared from 
N-(4-Piperidyl)-N-phenylpropanamide (70) 


CgHsCH,CH,CH,~ 


| | CHeCH2 OTs 


S 


CoH CHyCHer 


(76) (cf. Scheme 17). From (76) (+)-cis-N-[1-[2-(2-thienyl)ethyl]-3- 
methyl-4-piperidyl]-N-phenylpropanamide (77) and (+)-cis-N-[1-(2-hy- 
droxy-2-phenylethyl)-3-methyl-4-piperidyl]-N-phenylpropanamide (78) 
have been prepared using procedures identical to those utilized to pre- 
pare analogues (72c) and (72f) (cf. Table 1). An alternative synthesis of 
(78) involves alkylation with 2-bromoacetophenone followed by sodium 
borohydride reduction (Zhu et al., 1983). 

Introduction of a substituent into the 4-position of the piperidine 
ring of fentanyl provides analogues with extremely potent analgesic ac- 


tivity and an unusually high safety margin (van Bever et a/., 1976; van 
Daele et a/., 1976). A general scheme for the preparation of these ana- 
logues is shown in Scheme 18, Reaction of the 4-piperidones (27) with 
the appropriate anilines and potassium cyanide leads to the anilinonitriles 
(79), which on hydrolysis give the amides (80). Alcoholysis affords the 
esters (8/) which can then be acylated to give analogues of general struc- 
ture 82, Reduction of the esters (8/) yields the carbinols (83). Subsequent 
methylation of the hydroxyl moiety followed by acylation yields the 4- 
methoxymethy! fentanyl analogues (84). If the starting 4-piperidones are 
substituted with benzyl at the 1-position (27, Ri =CsHsCHa), hydrogeno- 
lysis of the benzyl group allows the introduction of other substituents at 
the 1-position. As the synthetic procedures outlined in Scheme 18 are no 
more difficult than those utilized for other fentanyl analogues, the high 
potency of the 4-substituted analogues could make them attractive tar- 
gets for “designer drug” chemists. 
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Illicit Synthesis of Phencyclidine (PCP), 
Lysergic Acid Diethylamide (LSD), 
Methaqualone and Their Analogues 


Dr. A.W. Scaplehorn 


In marked contrast to the USA and elsewhere, less than two dozen 
illicit laboratories come to police attention each year in the United King- 
dom. In 1986 the total number was 15 with forensic science laboratories 
only being involved in about five. This is because ten were raided on the 
basis of information from the precursor monitoring program before syn- 
thesis was underway. The majority of these laboratories were synthesiz- 
ing amphetamine in small quantities via the Leuckart Reaction. 

The British drug scene is still very much based on cannabis, canna- 
bis resin, amphetamine, heroin and LSD. The anticipated cocaine explo- 
sion has yet to occur although the drug is encountered, particularly in 
London. Other synthetic illicit drugs such as fentanyl, PCP, meperidine 
and their analogues fortunately have yet to make an appearance. 


Phencyclidine (PCP) 


Phencyclidine (PCP, Sernyl) is a popular drug of abuse in North 
America as well as being formerly used as a legitimate veterinary tran- 
quilizer. The drug is related chemically to ketamine and is a potent anal- 
gesic and anaesthetic. Formerly given intravenously, PCP’s severe ad- 
verse effects precluded its legitimate use and nowadays it is abused either 
by smoking (amounts of one to three milligrams applied to plant materi- 
al), by nasal insufflation and intravenous injection (one to three milli- 
grams) or by oral ingestion (two to six milligrams). These doses typically 
result in lethargy, disorientation, hallucinations, incoordination, catatonic 
rigidity, combativeness, etc. The adverse effects are widely reported. 

Chemically PCP is 1-phenylcyclohexylpiperidine and a relatively 
simple molecule to synthesize. Analogues that have been prepared and 
have similar pharmacological effects included cyclohexamine (PCE) 
wherein the piperidine ring has been replaced with an ethylamino group. 
Phenylcyclohexylpyrrolidine (PHP) is the analogue in which the six- 
membered piperidine ring has been replaced with the five-membered 
pyrrolidine ring. Replacement of the cyclohexyl ring with a cyclopentyl 
gives phenylcyclopentylpiperidine (PCPP) and replacement of the 
phenyl! with a thienyl group gives us thienylcyclohexylpiperidine (TCP). 
Clearly, there is scope for substitution in the various rings. 


91 


1-Piperidinocyclohexatiecarbonitrile was produced initially in over 
80 percent of the illicit syntheses of PCP investigated (Frank, 1983). This 
crystalline product is collected, washed and dried. It is then dissolved in 
a suitable solvent and reacted with phenylmagnesium bromide (Grignard 
reagent) for two to three hours. The reaction mixture is poured into an 
ice-ammonium chloride mixture which results in the formation of phen- 
cyclidine. Conventional chemistry is applied in order to extract, purify 
and recrystallize the product. No sophisticated equipment is needed and 
indeed in synthesizing the carboniirile intermediate all one needs is piper- 
idine and cyclohexanone together with either hydrochloric acid and 
sodium or potassium cyanide or sodium bisulfite and the cyanide salt. 

Another method which was used in about 16 percent of the cases 
involved reacting piperidine and cyclohexanone in the presence of a 
catalytic amount of para-toluenesulfonic acid in benzene with the azeo- 
tropic distillation of water to form 1-(1-cyclohexenyl)piperidine as the 
tosylate salt which is then reacted with the Grignard reagent. Unlike the 
two previous syntheses, this route necessitates distillation as opposed to 
simple mixing in containers. The simple synthesis probably explains the 
popularity of PCP and its analogues in spite of the adverse behavioral 
and pharmacological effects they precipitate. 


Lysergic Acid Diethylamide (LSD) 


In contrast to PCP, LSD is a much more sophisticated molecule and 
its synthesis calls for a higher level of chemical skills. 

LSD was first synthesized in the course of investigations on ergot 
alkaloids in the research laboratories of Sandoz at Basel, Switzerland, 
with the aim of producing further medically useful compounds. Hof- 
mann’s original report of his accidental ingestion of the drug in 1943 and 
of his resultant experiences have been widely published (Hoffmann, 
1968). This led to systematic clinical studies by the psychiatrist Stoll of 
the Psychiatry Clinic at Zurich University. Since that time, several thou- 
sand papers on the drug’s effects have appeared. In addition, a whole 
range of other lysergic acid derivatives have been synthesized and their 
pharmacological activities determined. Compounds wherein the diethyla- 
mide group has been replaced by other amide groups elicit psychic ef- 
fects, but to a lesser degree than LSD. 


The illicit chemist needs as starting material either an ergot alkaloid 
or lysergic acid or lysergamide. Smith’s ‘Psychedelic Chemistry’ with the 
relevant references describes how to culture Claviceps purpurea, how to 
extract the alkaloids from woodrose seeds, and provides references to the 
complete synthesis of LSD. However, these routes seem most unlikely 
for significant illicit production so long as the ergot alkaloid or lysergic 
acid are obtainable. Routes to LSD from the acid include (1) conversion 
with lithium hydroxide to produce lithium lysergate followed by addi- 
tion of a sulfur trioxide dimethylformamide complex to produce a lithi- 
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um lysergate-sulfur trioxide complex; (2) reacting the acid with N,N-car- 
bonyldiimidazole to produce the substituted imidazole, and, (3) reacting 
the acid with trifluoroacetic anhydride to produce the mixed anhydride 
of lysergic and trifluoroacetic acid. Each of these intermediates when re- 
acted with diethylamine will produce LSD or using another amine a dif- 
ferent amide. 

The original route from an ergot alkaloid involves hydrolysis; most 
conveniently accomplished with hydrazine to produce the hydrazide 
which is subsequently converted to the azide with nitrous acid. Reaction 
of the azide with diethylamine will produce LSD. In all cases chroma- 
tography and crystallization are necessary to ensure a stable product. 

In the Operation Julie case in the UK that led to the arrest of 120 
people in March 1977, the manufacture of LSD started with ergotamine 
tartrate. Detailed information on the synthesis did not emerge; however, 
as evidenced by the recovered containers the N,N-carbony!diimidazole 
route was used. It was estimated that two thirds of the world was sup- 
plied with LSD from these small but efficient laboratories operating 
either in London or Wales. 


Methaqualone 


Methaqualone (Quaalude *) is a quinazoline derivative that was first 
synthesized in 1951 and was found to be clinically effective as a non-bar- 
biturate sedative and hypnotic. In the UK the proprietary preparation 
which also contained diphenhydramine was abused in the late 1960’s and 
early 1970’s but the problem ceased with its removal from the market. 
Methagualoiie was not seen until recently as an adulterant in Asian 
heroin. Its source is thought to be diverted pharmaceutical material. 
Products with different substitution at the 3-position of the quinazoline 
moiety include mecloqualone where the group is o-chlorophenyl and ni- 
tromethaqualone where the group is o-methoxy-p-nitrophenyl. Both have 
similar pharmacological properties and neither has been encountered in 
the UK. Synthesis of these compounds is again relatively straightforward 
and involves no particular skills. 

The most frequently used method involves the preparation of N-ace- 
tylanthranilic acid by reacting anthranilic acid with acetic anhydride. 
The N-acetylanthranilic acid is then refluxed with o-toluidine in toluene 
or in the case of other compounds, suitably substituted anilines with 
phosphorus trichloride or alternative catalysts such as phosphorus oxych- 
loride, polyphosphoric acid or potassium bisulfate. A variation of this 
method involves heating solid N-acetylanthranilic acid and o-toluidine 
hydrochloride for a short period and another involves producing ace- 
tanthranil from anthranilic acid and reacting that with o-toluidine. 

Additional methods may start from isatoic anhydride and 2-methyl- 
4-(3H)-quinazolinone. 
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Clandestine Production Processes for 
Cocaine and Heroin 


Donald A. Cooper 


Introduction 


The use (abuse) of the coca leaf and the opium poppy is thought to 
have been practiced for at least thirty-four hundred years (Lathrap, 1976; 
Rosengarten, 1969). However, the abuse of chemically manipulated ex- 
tracts of these plants is a relatively recent phenomenon, first starting 
around the turn of the last century. Over the years an enormous amount 
of research has been performed in an effort to understand the physiologi- 
cal effects resulting from the consumption of these plant products. A 
large proportion of this work has dealt with the principal alkaloidal con- 
stituent of these plants, i.e. cocaine from the coca leaf aud morphine 
from the opium poppy. To the author's knowledge there is no work 
which addresses those health effects produced by the consumption of co- 
extractives and other chemical impurities which are present in the clan- 
destinely produced product. It may be that some of these chemical impu- 
rities and/or co-extractives have a negative impact of significance upon 
the health of the user. As the abuse of any specific drug must ultimately 
result in an expenditure of funds for health care of the user, it follows 
that the presence and the nature of these co-extractives and chemical im- 
purities in the drug will also have an effect upon national health costs. 

The methods used today for the extraction and the conversion of 
the extracts to a street saleable commodity are of unknown origin, but 
most probably, these procedures are derived from published works in the 
scientific literature. It is known that, with relatively few exceptions, the 
individuals who practice these methods have either no or very little 
background in the sciences and often little formal education. This situa- 
tion has resulted in the creation of an “art” that has been passed on from 
individual to individual in confidence. Consequently, information passed 
on to law enforcement officials about the actual procedures being used 
are almost never obtained from a trained professional, especially one 
who is sympathetic to law enforcement. Therefore, it is the case that the 
following accounts of these methods are in some parts speculative. How- 
ever, the methods described in this article do represent a compilation 
from many information sources and it is felt that they are accurate. 


Cocaine Production Perspective 


There are two principal sources for the coca leaf, the Far East 
(Java, Ceylon, and Formosa) and South America. The Far Eastern 
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leaves are typically quite low in cocaine content and are not known to 
be involved in the illicit market. The South American leaves come prin- 
cipally from Colombia, Peru, and Bolivia, There are two principal varie- 
ties; Erythroxylon coca Lamarck, and Erythroxylon truxillense Rusby. 
There is a third plant type originally thought to be a separate species 
(Erythroxylon novogranatense Hieron) but it is now considered to be iden- 
tical to Erythroxylon truxillense. (Schulz, 1907; Plowman, 1979) The alka- 
loidal content of Erythroxylon coca grown in Bolivia is from one-half to 
one and one-half percent. A major proportion of the total alkaloidal con- 
tent is cocaine, (DeJong, 1906) 

The coca shrub used for the illicit production of cocaine is principal- 
ly grown on the eastern slopes of the Peruvian and Bolivian Andes 
Mountains between an elevation of five hundred and two thousand 
meters. (Plowman, 1979) The shrub can grow to a height of four to five 
meters but it is usually pruned to approximately one and one-half meters. 
(Ashley, 1975) The first harvest takes place when the plants are from 
eighteen to twenty-four months old. The useful life expectancy of the 
coca plant is as long as fifty years, and the leaf can be harvested three or 
more times a year. 

Cocaine was probably first isolated from leaves of the coca bush 
about 1855 by Gaedecke and referred to as ‘“erythroxyline.”” However, it 
is Albert Niemann approximately five years later who is generally cred- 
ited with the first isolation and naming of cocaine. (Ashley, 1975) 


Cocaine from Natural Sources, Coca Paste Isolation 


There are several methods that have been described as “the proce- 
dure” used by South American Indians for the isolation of alkaloids from 
dried coca leaf. Two of these methods are published in the open litera- 
ture. Richard Ashley describes one whereby thirteen plus metric tons of 
leaves are processed in a single batch. (Ashley, 1975) Another is the pro- 
cedure offered by Mortimer for small scale laboratory extractions. (Mor- 
timer, 1901) 

Over the course of years a number of non-scientists who claim to 
have observed the extraction process have been debriefed. Two proce- 
dures are consistently described, and they are given below as A and B. It 
is interesting that procedure A is quite similar to that described by 
Ashley whereas B bears a close resemblance to the procedure described 
by Mortimer. A third method, C, has been proposed by an independent 
laboratory. Validation of all three methods has been claimed. Of the 
three procedures described, we in this laboratory believe B to be the 
process most often employed. 

A. 1.) The coca leaves are dampened ' and are macerated until a 
paste is formed. 


' It is not clear whether the water is actually added to the leaves or if it comes from 
transpiration of leaf cells. 
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2.) Sulfuric acid and additional water are added to the leaves, and 
the mixture is stirred. 

3.) Kerosene is added and the mixture is stirred. 

4.) After the phases separate, the aqueous phase is isolated from the 
mixture, (Several accounts specify drawing off the solution through a 
hole in the bottom of the container.) 

5.) Ammonia, lime, sodium carbonate, or potassium carbonate is 
added to the aqueous phase to effect precipitation of the alkaloids. 

6.) Filtration through cloth is generally specified for capturing the 
alkaloids. 

B. 1.) To the leaves is added sodium or potassium carbonate and 
they are then dampened and macerated as in A-1. 

2.) Kerosene is added and the mixture is stirred. 

3.) The kerosene and leaves are separated. 

4.) Sulfuric acid is added to the kerosene and mixed thoroughly. 

5.) The aqueous phase is separated from the kerosene. 

6.) Ammonia, lime, sodium carbonate, or potassium carbonate is 
added to the aqueous phase to effect precipitation of the alkaloids. 

7.) The alkaloids are isolated through filtration. 

C. 1.) The coca leaves are dampened and macerated with a carbon- 
ate as in B-1. 

2.) Kerosene and water are added and the mixture stirred. The pH 
of the resulting solution is specified as 6. 

3.) The aqueous phase is separated from the leaves and kerosene. 

4.) Ammonia, lime, sodium carbonate, or potassium carbonate is 
added to the aqueous phase to effect precipitation of the alkaloids. 

5.) The residue is captured by filtration. 

The product obtained through any of these processes is thought to 
be at least fifty percent cocaine base and provides an overall yield of co- 
caine that is between two and eight tenths of a percent relative to dry 
leaf weight. The Indians call this product sulfato or coca paste. 


Cocaine Base 


The clandestine methods utilized in the production of cocaine base 
and cocaine hydrochloride from the crude coca paste are known with 
reasonable certainty. To date all information obtained indicates one prin- 
cipal procedure is being used and it is as described below. 

1.) The crude coca extract (sulfato) is dissolved in dilute sulfuric 
acid. 

2.) Dilute potassium permanganate is added ® and the solution fil- 
tered. 

3.) Ammonia is added to precipitate the cocaine base. 


2 Some lab operators are known to ada ice along with the permanganate so as not to 
“burn” the cocaine. 
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4.) The cocaine base is captured by filtration and dried. 


Cocaine Hydrochloride 


5.) Dry cocaine base is dissolved in ethyl ether and filtered. 

6.) A mixture of hydrochloric acid and acetone is added to the ethyl 
ether solution. 

7.) The cocaine hydrochloride is recovered via filtration. 

8.) The filtered residues are dried and packaged. 

In nearly all accounts of the “cocaine base process”, considerable 
point is made of the addition of potassium permanganate as described 
above in step (2). It is thought that cinnamoylcocaine is much more sus- 
ceptible to permanganate oxidation than is cocaine (DeJong, 1948), and 
we have accepted that as the rationale for its use. However, the cinna- 
moylcocaines are found in a large proportion of illicit cocaine samples. 
This suggests either that permanganate use may not be as widespread as 
our intelligence reports suggest, or that these procedures do not oxidize 
the cinnamoylcocaines to any significant extent. 


Cocaine from Total Synthesis 


In 1917 Robinson published the synthesis of tropinone and thereby 
provided a method for producing the basic ring structure of the cocaine 
molecule. However, it was Willstatter in 1923 who first accomplished 
the total synthesis of cocaine. Since that time numerous groups have syn- 
thesized various tropane derivatives using modifications of Willstatter’s 
work. (Findlay, 1953, 1954, 1957, 1959; Menzies and Robinson, 1924; 
Mannich, 1934; Schopf and Lehmann, 1935; Keagle and Hartung, 1946; 
Ziele and Schultz, 1950; Ziegler and Wilms, 1950; Bazilevskaya ef ai. 
1958; Sinnema et a/., 1968; Preobazhenskii et a/., 1936; Wallingford et ai. 
1941; Allen et al, 1981; Casale, 1987). The synthesis involves a Mannich 
condensation with methylamine, succinic dialdehyde, and the mono- 
methyl ester of beta-ketoglutaric acid. The condensation product is then 
reduced with sodium amalgam and that product is benzoylated. If isomer 
resolution is not accomplished the product obtained is a mixture of race- 
mic cocaine and racemic pseudococaine. Recently, work has been pub- 
lished which describes optimized conditions for the synthesis of cocaine 
via the Mannich reaction. (Casale, 1987) This work suggests that, starting 
with the Mannich condensation and going to final product, an overall 
yield for the cocaine isomers of approximately 25% can be achieved. Al- 
though this synthesis has been attempted in several clandestine laborato- 
ries it seems unlikely that it will become commonplace. 

The synthesis requires a degree of expertise not normally found in 
the clandestine chemist and under optimum conditions 275 gm of sodium 
amalgam are required for each gram of final product produced. 


Several other procedures for the synthesis of tropane alkaloids have 
been published. (Kashman and Cherkez, 1972; Tufariello and Mullen, 
1978; Tufariello et ai, 1978, 1979; Hayakawa et a/., 1978; Noyori et al. 
1974; Petersen et a/., 1984). These procedures have neither been found in 
a Clandestine operation nor have they been evaluated as to their possible 
use in such a setting. 


Chemicals Required for Clandestine Cocaine Production 


The following is a list of chemicals which have been documented as 
having been used in the clandestine production of cocaine from the coca 
shrub: potassium carbonate, potassium permanganate, sodium carbonate, 
sodium hydroxide, ammonium hydroxide, sodium bicarbonate, calcium 
oxide, calcium chloride, sulfuric acid, hydrochloric acid, water, kerosene, 
benzene, gasoline, ethy! ether, ethanol, methyl ethyl ketone, and acetone. 

The total synthesis of cocaine and its isomers (cocaines) via a Man- 
nich condensation requires the use of standard laboratory facilities and 
reagents. Hence, several of the compounds listed above would be re- 
quired. In addition the following chemicals are required either as pri- 
mary precursors or essential reagents: 2,5-dimethoxy-tetrahydrofuran, 
beta-ketoglutaric acid, methylamine, metallic mercury, metallic sodium, 
and benzoyl anhydride or a benzoy! halide. 


Alkaloidal Impurities in Cocaine 


Until recently, in addition to cocaine, only nineteen alkaloids had 
been reported present in E. coca. The following is a listing of those alka- 
loids; cinnamoylcocaine **, cinnamoylecgonine, tropacocaine*, pseudo- 
tropine*, tropine, tropan-3[alpha],6[beta]-diol, benzoylecgonine*, methy- 
lecgonine, ecgonine*, alpha-truxilline*, beta-truxilline*, norecgonine, hy- 
drine, hygroline, dihydocuscohygrine, cuscohygrine, choline, and _nico- 
tine. (El-Iman et a/., 1985; Evans, 1981; Willaman and Schubert, 1961) 
Methylecgonidine is also listed by Evans as occurring in the plant. How- 
ever, the ease with which that compound can be formed from cocaine 
makes this a questionable assertion. Several additional alkaloids have 
been found in E. coca within the last few years. In part they are 3- 
[alpha]-benzoyloxytropan-6-[beta]-ol, 6-[beta]-benzoyloxytropan-3-[alpha]- 
ol, 3-phenylacetoxynortropan-6-ol, nortropacocaine, nortropinol and 
esters (El-Iman et a/., 1985), and the remaining nine isomers of the truxil- 
line alkaloids (Moore ef al/., 1987). It is interesting that norcocaine has 
not been identified in any E. coca species. Norcocaine is found in all illic- 


3 The alkaloids which are marked with an asterisk are those that are often found in 
illicit cocaine samples in quantities greater than a few tenths of a percent relative to the 
cocaine. 
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it cocaine samples, albeit often at trace levels. This would suggest that 
norcocaine is produced via an oxidative process either through the pres- 
ence of peroxides in processing solvents and/or the previously described 
use of potassium permanganate (Sadtler, 1929). N-formylcocaine has also 
been observed in several illicit cocaine samples by this laboratory. This 
compound is easily made by oxidation of cocaine with dilute potassium 
permanganate (Allen and Cooper, 1984). 

The synthesis of the cocaines via the procedures of Findlay pro- 
duced significant quantities of three impurities often noted in the final 
product (Cooper and Allen, 1984). Synthetic products obtained from 
clandestine operations have also contained these same impurities. Specifi- 
cally they are 3-benzoyloxy-2-carbomethoxy-tropidine,* 2-carbomethoxy- 
3-methylaminotropidine, and 3-benzoyloxytropidine. 


Chemical Processing Impurities 


The Drug Enforcement Administration at the present time has an 
ongoing study for the purpose of determining solvents used in the proc- 
essing of illicit cocaine samples. The approach has been to identify those 
compounds having high volatility which are entrained in the powder 
matrix of the end product. The analytical techniques utilized for nearly 
all of this work have involved heating the sample within a closed con- 
tainer, sampling the headspace followed by analysis using capillary gas 
chromatography/mass spectrometry. (Kiser, 1984) The work does not 
provide quantitative data nor were minimum levels of detection estab- 
lished. Table 1 lists a recent compilation of results in order of the most 
to least frequently encountered compounds. 


Table 1 
Solvents Present in Powder Cocaine Samples 


No. of times de- Percent 
Compound tected (831 samples) of total 
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A more useful method of listing this data is to express it as the 
number of times solvent b is found in solvent a. Table 2 provides such a 
listing where the compounds listed on the horizontal axis are the refer- 
ence compounds (solvent a) and the vertical axis represents solvent b. 

Care must be taken when attempting to interpret the data in Table 2. 
This is in part because in those cases where multiple solvents were de- 
tected, the lack of quantitative data makes it impossible to ascertain 
which were the primary solvents. Despite this problem, three comments 
may be offered; 1) acetone is used whenever possible, 2) it appears that 
the use of benzene, aliphatic hydrocarbons, and methylene chloride in 
combination is common, and 3) the benzene being used is most probably 
and most often not a pure solvent. 

In an effort to learn more about the origin of the benzene, six sam- 
ples were analyzed by an expert in flammable accelerants analysis. 
(Martz, 1987) The analyses of these samples did not provide any data 
consistent with the presence of accelerants. Despite these negative find- 
ings, it is believed by a number of individuals that gasoline is the proba- 
ble source of the benzene found in many of these samples. 


Heroin Production Perspective 


The immediate precursor of heroin is morphine, and morphine is, in 
turn, obtained from opium. Opium is the dried milky juice obtained from 
the ripe flower pods of Papaver somniferum L. 

This plant is commonly referred to as the opium or oil poppy. Phys- 
ically, opium is a dried latex which is secreted from incisions made in the 
poppy capsules while they are still in the green stage, generally three or 
more days after flowering. The major constituents of opium are plant 


Table 2 
Co-relation of Solvents Found in Powder Cocaine 
Samples 
Tabulation for [solvent b/solvent a X 100] 
Ace- 
Solvent a tone MEK* C,H, C7H, HC* ETHER*CH.CI. 
Solvent b 
Acetone ............... 100.0 27.1 52.3 41.9 60.8 76.8 56.4 
MEK® oooccccccccccssees 198 1000 301 484 294 193 333 
SID enitenessseseceesenis 33.5 27.1 100.0 54.2 68.2 17.9 74.4 
ee 19.6 31.1 39.7 100.0 37.4 10.4 30.1 
. 28.0 185 49.0 368 100.0 121 442 
ETHER® ooocccccceeess 346 119 126 100 11.9 1000 13.5 
Calle .........00.00... 14.2 11.5 29.1 16.5 24.1 7.5 100.0 


*MEK = methyl ethyl ketone; HC = aliphatic hydrocarbons; ether = ethyl ether 
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fragments, resins, sterols, triterpenoid alcohols, fatty acids and alcohols, 
polysaccharides, and more than thirty alkaloids. Morphine and nosca- 
pine © account for the major portion of the alkaloidal content as it is not 
uncommon for each to contribute ten plus percent to the weight of dried 
opium. Considerable quantities of the opium poppy are grown commer- 
cially for the plant alkaloids medicinal value, for the seed-extractable oil, 
and for foodstuffs. When obtained by cold press methods the poppy seed 
yields a white oil which is used, in part, as a salad oil and as a diluent in 
Olive oil. A second hot pressing of the seed gives an oil which has good 
drying properties and is much used in oil paints and varnishes. The use 
of the poppy seed as a condiment in bakery goods is very widely prac- 
ticed and in some parts of the world the seed cake left after pressing is 
also used as food. 

The plant will grow in nearly any temperate region in the world 
with the quantity of rainfall and soil type being the major factors deter- 
mining a suitable growing habitat. Proof for this is provided by the fact 
that poppy seed cultivation is known in Russia as far north as 55 degrees 
and in Argentina as far south as 40 degrees (Rosengarten, 1969). It is 
generally thought that opium content is highest in those plants grown in 
tropical or semi-tropical regions. The opium used for the production of 
heroin which enters the United States is produced principally in south- 
eastern and southwestern Asia and central America. 

Morphine was first isolated from opium in 1805 by Serturner, but it 
was not until 1874 that the synthesis of diacetylmorphine was reported. 
Another twenty-four years passed before the drug was produced com- 
mercially by the Bayer Company in Eberfeld, Germany. The Bayer 
Company gave this new drug and the name heroin. By the beginning of 
the twentieth century heroin was widely used as a substitute for codeine 
and morphine in the treatment of tuberculosis and other respiratory dis- 
eases. It was also about this time that heroin first appeared in China 
where it very quickly replaced opium for the purpose of smoking. A few 
years after the 1925 International Opium Convention, controls began to 
severely limit the supply of heroin from Europe and the clandestine man- 
ufacture of heroin began in China. 


Isolation of Morphine from Opium 


The scientific literature contains a number of publications which de- 
scribe processes for the extraction of morphine from opium. The best 
known of these publications describes the following commercial process- 
es: the Thiboumery and Mohr process, the Robertson-Gregory process, 
the Barbier process, the Heumann process, the Schwyzer modification of 
the Robertson-Gregory process, and the Merck process (Schwyzer, 1927 
& 1931; Barbier, 1950; Heumann, 1957). Except for two cases, all of the 


5 Also known as narcotine. 
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clandestine operations known to this laboratory followed the major 
tenets of the Thiboumery and Mohr process. Very often a clandestine 
operation will employ some small part of a process other than that of 
Thiboumery and Mohr. However, these are almost always concerned 
with improving the purity of the morphine after it has been isolated via 
the Thiboumery and Mohr process. Both of the cases where the Thibou- 
mery and Mohr process was not used most probably involved the Rob- 
ertson-Gregory process. Hence, only the Thiboumery-Mohr and the 
Robertson-Gregory processes are described in the following section. In- 
cluded also is a description of those procedures which are taken from 
other processes for the purpose of further purification of the morphine. 


The Thiboumery and Mohr Process 


Opium is dissolved in three times its weight of hot water and fil- 
tered.° The residue is re-extracted as above, and the filtrates are com- 
bined. The total filtrate volume is reduced to half and poured into a solu- 
tion of boiling calcium hydroxide.’ The precipitants, and in the case of 
the clandestine operation the insoluble materials from the first step, are 
filtered off. The captured residues are re-extracted with three parts of 
water and subsequently filtered. The filtrates are combined and the reex- 
tracted residues are removed from the process.® The total combined fil- 
trates are concentrated to a weight approximately twice that of the 
opium and the solution is filtered.° The solution is brought to a boil and 
ammonium chloride is added. The solution is allowed to cool and then 
filtered to capture the morphine base. The morphine is dissolved in a 
minimum volume of warm hydrochloric acid. Upon cooling, morphine 
hydrochloride precipitates from solution and is isolated by filtration. 


The Robertson-Gregory Process 


The dried opium is exhaustively extracted with five to ten times its 
weight of cold water.'° The solution is evaporated until a syrup is ob- 
tained and the syrup is re-extracted as above.'! Insoluble materials are 
filtered off and the solution is evaporated until its density is 10° Baume. 
The solution is brought to a boil and calcium chloride is added. Then the 


® The clandestine operator does not separate the insoluble materials, rather they are 
carried through to the next step. 

7 Reduction of the solution volume is usually not performed in clandestine operations 
and the caustic base is generally added to the filtrate in solid form immediately following 
the addition of opium to the hot water. 

8 Some clandestine operators are known to repeat this reextraction process up to seven 
times. 

® This concentration step is generally not performed in the clandestine laboratory. 

10 In our reports hot water is specified. 

11 This step is apparently not performed in the clandestine process. 
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solution volume is doubled with cold water and filtered. Once again, the 
solution is concentrated and filtered.'* The solution is allowed to stand 
until such time that no further precipitate forms. The precipitate is sepa- 
rated from solution, dissolved in water, and the morphine re-precipitated 
with ammonia. 


Miscellaneous Morphine Purification Processes 


The following is taken from the Barbier process: Morphine base is 
placed in water at 80° C and tartaric acid is added until the solution be- 
comes acid to methyl orange. The solution is cooled, and morphine pre- 
cipitates as the bitartrate salt. The precipitate is recovered by filtration, 
washed with water, and dried. The morphine bitartrate is dissolved in 
hot water and ammonia is added until the pH is approximately six. The 
resulting morphine monotartrate is treated with activated carbon black, 
sodium bisulfite, sodium acetate, and ammonium oxalate. A small amount 
of the morphine monotartrate is precipitated at intervals, with ammonia, 
in order to check the progress of the decolorization. When the precipi- 
tate is pure white the entire batch is precipitated, filtered, and dried. 

The following is taken from the Schwyzer process: Morphine base is 
washed with acetone, in which it is insoluble, and then the morphine is 
re-crystallized from hot ethyl alcohol. 

The following is taken from the Heumann Process: Morphine base is 
washed with trichloroethylene.'* The morphine is further purified by 
washing it with cold 40 percent ethyl alcohol. This process also de- 
scribes washing morphine base with aqueous acetone as an additional pu- 
rification step. 

In the field of clandestine opium extraction there is a great variance 
in the effort expended in producing a pure morphine. A product of high 
purity is, in general, made by those laboratories that produce morphine 
as the hydrochloride salt and where the morphine is the end product. In 
some cases the product is nearly of pharmaceutical quality. Conversely, 
in general, those laboratories that continue directly on to heroin and 
produce the intermediate morphine as the free base make a product that 
is quite impure. 


Morphine Isolation—Heroin Synthesis 


The procedure described below is typical of a laboratory where 
morphine base is the intermediate and, in this case, where the final prod- 
uct, heroin, is also the free base. This description is made with some au- 


12 The clandestine process does not include filtration at this point and the solution is 
concentrated until it is a thick syrup. 


13 Morphine base is nearly insoluble in most alkyl! halides. 


thority as the entire operation was witnessed by the author. 

The “chemist” who completed the following process did not meas- 
ure a single item. Rather, the end points of each step of the operation 
were determined by sight, smell, feel, and taste. 

1. A drum was placed over a source of heat, approximately 20 liters 
of water was added to the drum, and heat was applied until the water 
was at a near boil. Six to eight kilograms of opium were broken up by 
hand into pieces three to eight centimeters in diameter and added to the 
drum, along with additional quantities of water. The mixture was stirred 
until all of the opium was dissolved. 

2. While maintaining near boiling conditions, lime (CaO) was added 
with stirring. When the proper quantity of lime had been added, heating 
was discontinued and the drum was allowed to stand, undisturbed, for 12 
hours. Upon standing, a marc '* settled to the bottom of the drum. 

3. The contents of the drum were either dipped or siphoned into 
heavy cotton cloth sacks. When no more solution could be added to the 
sacks they were tied at the top, then squeezed and pressed until all possi- 
ble fluids have been removed. 

4. The marc was removed from the cotton sacks and placed in a 
second smaller container. Five to ten liters of water were added to the 
container and the contents heated to a near boil for 30 minutes with oc- 
casional stirring. The contents were placed in the cotton sacks and fil- 
tered as previously described. The liquid obtained from this process was 
added to the original calcium morphinate solution. 

5. The filtered calcium morphinate solution and the liquid from the 
recycled marc were poured into a clean drum. Heat was applied until the 
solution steamed and then ammonium chloride was added with stirring. 
The solution was allowed to stand for approximately three hours, during 
which time the morphine base precipitated out of solution. 

6. The mixture from 5. was filtered as described previously except 
that a tightly woven cotton cloth was used instead of the coarsely 
woven cotton sacks. 

7. The dark brown residue (morphine base) was placed in the sun to 
dry. 

Of the total quantity of the principal alkaloids that are present in the 
Opium, approximately 90% of the noscapine and papaverine, 70% of the 
thebaine, 50% of the codeine, and 5% of the morphine will be present in 
the marc after the first extraction. Repeated extractions of the marc with 
hot water, without a corresponding addition of lime, will result in addi- 
tional quantities of these alkaloids being drawn into the aqueous phase. 
Upon addition to the lime/calcium morphinate solution these alkaloids 
will again become insoluble. However, no attempt was made to filter this 
solution a second time; therefore these alkaloids are carried along with 
the morphine into the acetylation step. 


'4 The marc contained plant and mineral debris along with relatively large quantities 
of certain opium alkaloids. 
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At that point when the morphine base was dry, the synthesis of 
heroin was begun. 

The conversion of morphine to heroin is accomplished with a near 
universal sameness. The approach is the addition of a large excess of 
acetic anhydride to the dried morphine and the application of heat to the 
resulting mixture. The only true variables involved are the composition 
of the reaction vessel, the temperature of the reaction, the length of time 
the reaction is held to elevated temperatures, and the salt form of the 
morphine. In many instances it may be that these variables are deter- 
mined more by happenstance than by design. 


1. The dried morphine base was placed into a small container and 
sufficient acetic anhydride was added to thoroughly cover the morphine. 
The mixture was stirred and heated until the morphine base was com- 
pletely solubilized. The solution was brought to a near boil and main- 
tained at that temperature for approximately thirty minutes. 


2. The container and its contents were cooled briefly by placing the 
container into cool water. The contents were then poured into the water. 


3. The resulting solution was filtered through a tightly woven 
cotton cloth and the residue discarded. 


4. A second solution was made by adding sodium carbonate to 
water. The sodium carbonate solution was added to the heroin acetate 
solution until effervescence ceased. Heroin base precipitated from solu- 
tion and settled to the bottom of the container. An additional quantity of 
material also separated from solution but it floated as a “scum” on the 
surface of the solution. The scum was carefully scrubbed between the 
hands until it also settled to the bottom of the container. 


5. The resulting mixture was filtered through a tightly woven cotton 
cloth. The filtrate was discarded and the heroin base was placed in the 
sun for drying. 


Analysis of the scum described above in step (4) has shown that it 
contains approximately equal quantities of heroin, noscapine and neutral 
by-products. Of the total number of structurally different neutral compo- 
nents present, the majority is amides. However, those neutral compounds 
present in greatest individual quantities did not contain a nitrogen func- 
tion and are highly aromatic in character. Nearly all of the neutral com- 
pounds arise from the action of acetic anhydride upon the various alka- 
loids present in the starting material, and the alkaloids thebaine and nos- 
capine produce, by a considerable margin, the bulk of these neutral com- 
pounds (Allen ef al., 1983). 

Heroin base samples, obtained via the procedure described above, 
will be 50 to 70 percent heroin, 5 to 20 percent noscapine, 3 to 10 per- 
cent neutral by-products, and 2 to 8 percent acetylcodeine. Significant 
quantities of calcium carbonate are also present, as are small quantities of 
other opium alkaloids along with mineral and plant debris. 
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Heroin from Codeine 


The small-scale conversion of codeine to morphine followed by ace- 
tylation to heroin has become a problem in some areas of the world, 
(Bedford et al, 1987). There are several published procedures for the O- 
demethylation of codeine but only two have been found in clandestine 
laboratories (Rice, 1977; Rapoport ef a/. 1951). By far the most common- 
ly used procedure is that described by Rapoport et a/. Presently the use 
of this procedure is a significant problem in New Zealand where it is 
known as “homebake” (Bedford et al, 1987). The apparent source of 
choice for the codeine is the ‘“Codral Forte” tablet which contains aspi- 
rin, acetaminophen, caffeine, and 30 milligrams of codeine phosphate. 
The details of the methods used are as follows: 


Method 1 (Rapoport et al., 1951) 


1. Crush the tablet and reduce it to a fine powder. Extract the co- 
deine phosphate with water and filter it through paper. 

2. Add the filtrate to a separatory funnel with chloroform and 
sodium hydroxide. Separate the chloroform layer and evaporate to get 
the codeine base. 

3. Add 3.5 gm anhydrous pyridine hydrochloride to 1.3 gm codeine 
base and heat until a red color develops. | 

4. Add the reaction mixture and water to a separatory funnel and 
add sodium hydroxide until the pH exceeds 10. 

5. Shake against chloroform, separate the phases, and discard the 
chloroform. 

6. Adjust the aqueous phase pH to 9 and filter the resulting precipi- 
tant through paper (residue is dark brown). 

7. Place the filtrate into another container, adjust the pH to 8, and 
scratch the sides to initiate precipitation. 

8. Allow the solution to stand for 5 minutes and filter through 
paper. 

9. Place the morphine base in a spoon, add acetic anhydride to it, 
and heat the spoon until the acetic anhydride has evaporated. 

The substance that remains in the spoon is described as “tarry.” 
Water is added to the contents of the spoon and stirred to effect dissolu- 
tion. The resulting solution is drawn into a syringe for sale and use. 


Method 2 (Rice, 1977) 


1. As in (1) and (2) of Rapoport’s method except the chloroform is 
not evaporated. 

2. The chloroform solution of codeine is added to a chloroform so- 
lution of boron tribromide and stirred briefly. 
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3. The reaction is quenched with ice and ammonium hydroxide, and 
the mcrphine base is captured by filtering. 

4. As in step (9) of Rapoport’s method. 

Rice states in his article that yields as high as 90 percent can be 
achieved, but the typical clandestine operation will very likely have con- 
siderably lower yields. 


Heroin from Total Synthesis 


The complete synthesis of morphine was first accomplished by 
Gates and Tschudi in 1952 (see also Elad, 1954). However, if a practical 
synthesis of morphine exists it is that described by Rice in 1980 with 
modifications in 1982. This procedure, according to Rice, is “short and 
experimentally simple” and provides very reasonable yields. However, it 
entails a total of ten synthetic steps and, in my view, considerable syn- 
thesis expertise. This synthesis has not been encountered in a clandestine 
operation. 


Chemicals Found at Clandestine Heroin Laboratories 


The following chemicals have been found at operational heroin lab- 
oratories. As the reader scans this list he will note that all of the chemi- 
cals stipulated in the previous discussion of heroin production methods 
are present. Acetyl chloride, acetic anhydride, ethylidene diacetate, 
phthalic anhydride, ethyl alcohol, acetone, ethyl ether, methanol, chloro- 
form, formamide, benzene, pyridine, methyl ethyl ketone, boron tribro- 
mide, sodium carbonate, sodium bicarbonate, calcium oxide, calcium hy- 
droxide, sodium hydroxide, ammonium hydroxide, ammonium carbonate, 
monobasic potassium phosphate, di-sodium hydrogen orthophosphate, 
sulfuric acid, hydrochloric acid, anhydrous hydrogen chloride gas, nitric 
acid, tartaric acid, acetic acid, citric acid, pyrogallic acid, phenylacetic 
acid, iodic acid, boric acid, sodium sulfate, ammonium sulfate, calcium 
chloride, ammonium chloride, sodium chloride, stannous chloride, potas- 
sium permanganate, ferric chloride, mercuric chioride, sodium tetrabor- 
ate, ammonium oxalate, sodium acetate, sodium thiosulfate, sodium bisul- 
fite, sodium alginate, potassium iodomercurate, potassium iodide, silica 
gel, activated carbon, chromium trioxide, bromocresol green, methyl red, 
methyl orange, phenolphthalein, and congo red. 


Alkaloidal Impurities in Heroin Samples 


In some illicit heroin samples the presence of other alkaloids above 
one-half percent is limited to the presence of acetylcodeine and O*-mon- 
oacetylmorphine. Conversely, it is also quite common for samples to 
contain a greater quantity of the other opium alkaloids than there is 
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heroin, Nearly always, noscapine is the predominant alkaloidal impurity 
in these samples. Such samples will also contain considerable quantities 
of papaverine, codeine, and often meconine; however, thebaine and nar- 
ceine are almost never detected, In the application of gas-liquid chroma: 
tographic quantification methodologies for heroin small amounts of three 
synthesis by-products are occasionally detected, Specifically they are 
acetylthebaol (Freund ef a/, 1897) delta '*'-didehydroheroin (Allen ef 
al, 1983), and O*-[1-(1-carbomethoxyethyl)]|-O%-acetylmorphine 
(Cooper and Kram, 1986), Many other alkaloids are known to be present 
in opium but they are usually present at low levels relative to the mor- 
phine and are not usually detected in basic extracts of heroin samples. 


Neutral and Acidic Heroin Impurities 


This laboratory has been involved in the study of neutral and acidic 
components which are found in illicit heroin samples for a number of 
years. At this time spectral data have been acquired for 271 such neutral 
or acidic compounds, These materials can arise for two different reasons. 
The first of these occurs when the filtration of the opium mare is not 
properly performed or when the mare is added back to the morphine 
prior to the acetylation step. This results in the presence in the morphine 
isolate of plant sterols, triterpenoid alcohols, sugars, and fatty acids 
(Bentley et ai/., 1955). 

Also, the acid and neutral compounds may arise from the action of 
acetic anhydride with the various alkaloids present in a sample (Allen es 
al., 1983). These neutral compounds include such compounds as triace- 
tylnormorphine (TANM) (Klein, 1977), acetylthebaol,'® and 3,6-dimeth- 
oxy-4,5-epoxyphenanthrene (Teer, 1978; Bernhauer and Fuchs, 1982). 
The origin of these compounds was determined to be the reaction of 
acetic anhydride on morphine in the case of TANM, and on thebaine for 
the latter two phenanthrene compounds (Freund ef a/., 1897). Many of 
the amidic neutrals found in illicit heroin samples arise in part from the 
presence of suitable N-nor precursors, and from the reaction of acetic an- 
hydride with the appropriate N-oxides. The presence of N-oxides in the 
morphine extractives has been documented thoroughly by others (Diet- 
zel and Huss, 1928; Markovic ef ai, 1954; Yeh and Lach, 1960, 1961, 
1971; Robles and Wientjes, 1961). However, the fact that thebaine and 
tetrahydroisoquinoline alkaloids are converted to neutral products in 
very high yields by the action of hot acetic anhydride indicates the pres- 
ence of alternate mechanisms (Allen er a/., 1983; Cooper et a/., 1983). 
Other workers have also reported similar reactions and offered mechanis- 
tic explanations (Max and Polonovski, 1927; Hayashi ef a/., 1974; Ahond 
et al, 1970; Kim, 1976). Although none of the tetrahydroisoquinoline 
alkaloids '® are observed in a basic extract of heroin, several are ob- 


5 3,6-dimethoxy-4-acetyloxyphenanthrene. 
'® Narcotine is not classified as a tetrahydroisoquinoline alkaloid 


served in an acid-neutral extract as amides, A number of these amidic 
derivatives are thought to arise from the isoquinoline alkaloids, laudano- 
sine and reticuline, 

The quantity and identity of the neutral and acidic compounds 
found in an illicit heroin sample are a function of the relative alkaloidal 
content of the opium, the techniques used for extracting the morphine, 
the conditions used in acetylation, and the various purification proce- 
dures utilized (Moore, 1983; Moore et a/, 1984; Neumann and Gloger, 
1982). 


It may be that some of these neutral compounds are associated with 
certain health problems. The rather large quantities of phenanthrene de- 
rivatives present in some samples should be particularly suspect. Some of 
these phenanthrene derivatives are similar to those that have been impli- 
cated in the high incidence of esophageal cancer found in dross users in 
northeast Iran (Malaveille, 1982; Friesen, 1985). Table 3 provides quanti- 
tative values for some of these neutral compounds, The data was ob- 
tained from 77 samples which were seized in six different areas in the 
world. The values are shown as a single averaged value for each com- 
pound or class of compounds. The quantification data is given relative to 
the heroin content of each sample, thereby facilitating comparison be- 
tween data sets. 


Minimal Chemical Requirements for Clandestine Heroin 
Production 


The minimal chemical requirements for processing opium to heroin 
are: opium, water, lime, a pH modifier, and an acetylating agent. In those 
areas of the world where the opium poppy grows, it may well be that 
the opium is the least difficult ingredient to acquire. However, with the 
exception of the acetylating agent, the remaining materials can be ac- 
quired from local sources almost any place in the world. 


Acetylating Agents 


Apparently the supplies of acetic anhydride are quite ample as is 
evidenced by the fact that it is seldom substituted, despite the ready 
availability of other acetylating agents, and the fact that DEA files con- 
tain information on only one operational clandestine acetic anhydride 
laboratory. The acetic anhydride laboratory was using two processes; (i) 
the proylysis of acetone to produce ketene which is then passed through 
acetic acid to give acetic anhydride, and (ii) the reaction of acetyl chlo- 
ride with sodium acetate. This laboratory was estimated to have made 
1,400 kilograms of acetic anhydride. Contrary to the foregoing, two im- 
purities, erythro- and threo-O%-[1-(carbomethoxyethyl)]-O®-acetylmor- 
phine, have recently been identified in a small number of heroin samples. 
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Table 3 
Acidic and Neutral Impurities Found in Heroin Samples 


B Cc D E F G H ! Origin 
0.286 3.150 1.034 0.157 0.702 0.171 0.150 0.952 0.033 1 
a 0.411 0.530 0.217 0.445 0.053 0.028 0.000 0.000 0.056 2 
0.445 4.106 2.102 0.285 0.931 0.735 0.589 0.701 0.055 3 
a 0.518 5.910 2.050 0.420 1.197 1.873 1.207 0.664 0.172 4 
ee 5.835 18.251 6.375 0.540 9.238 0.110 0.428 4.680 0.195 5 
2 wun 0.002 0.006 0.001 0.004 0.001 0.000 0.001 0.001 0.000 6 
A=meconin; B nthrenes; C = phena = INormorphines; E = amides derived fr om noscapine; F == N- inorlandanosine; 
G,H = amides thought t to be retisulres |= endo thought to be nye hy ' *Ralleten Be Meno; 32 Nigeria; 4 = India; 5= Turkey; 6 = T' Thailand. 
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This impurity is found in samples when acetylation is accomplished using 
ethylidene diacetate. 

Ethylidene diacetate is not the acetylating agent, but is first decom- 
posed to acetic anhydride, The decomposition reaction is achieved by 
the application of heat in the presence of catalytic amounts of either sul- 
furic acid or zinc halide. In commercial acetylation processes the acetic 
anhydride would then be separated by distillation; however, it is unlikely 
that the clandestine chemist would do so. Certainly the impurity of O°%- 
[1-carbomethoxyethyl)]-O®%-acetylmorphine would not be present in sam- 
ples if such distillation were accomplished. 


Conclusion 


Botanical, chemical, and processing information concerning the clan- 
destine manufacture of cocaine and heroin has been described. 

Law enforcement activiues which are designed to make the produc- 
tion of clandestine drugs more difficult will ultimately affect the nature 
and quantity of the impurities present in the final product. Such a change 
in the composition of these impurities could result in either a negative or, 
although much less unlikely, a positive effect upon the health of the user. 
Hopefully, the information provided in this article may be useful in as- 
sessing previously unrecognized health risks to the user, and in assessing 
the associated health costs to the individual nations who must manage 
the sickness that comes from the use of these drugs. 
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Stimulants and Hallucinogens: Structure 
and Stereostructure-Activity 
Relationships 


Pedro A. Lehmann F., Ph.D. 


Introduction 


Pharmacologically active analogues, that is structural variants of a 
given psychoactive compound, are possible because the sites with which 
the brain’s neurotransmitters (chemical messengers) interact are not total- 
ly specific in their recognition. That is, small molecular modifications in 
a false messenger are tolerated within certain limits. This is what makes 
possible the existence of analogues of abused or dangerous substances, 
which have been named “designer drugs.” This term has been applied to 
compounds synthesized illicitly with the intention of circumventing the 
safeguards society has deemed necessary to place on certain abused 
drugs, the so-called controlled substances. In fact, drug design, when 
practiced licitly within academic or industrial establishments, is today 
one of the sources of newer and better drugs useful in treating a variety 
of deleterious conditions in man. | 

In the search for better (more potent and safer) drugs, the traditional 
approach taken by the medicinal chemist (also a drug designer) is to start 
with a lead structure having a given desirable pharmacological profile, 
and by slight, stepwise molecular modification followed by extensive 
bioassays, establish the pertinent structure-activity relationships (SAR). 
Over the last hundred years, experiences with dozens of different lead 
structures have shown that considerable latitude in their structures is per- 
missible without loss of their characteristic pharmacological profiles. Al- 
though each drug family differs in detail, some general principles have 
been laid down which when applied systematically to a new drug class 
allow considerable modulation of the analogue’s physico-chemical prop- 
erties and pharmacological activity. 

In this contribution some of these general principles will be explored 
and illustrated with examples from two important drug families: the cen- 
tral nervous system (CNS) stimulants and the hallucinogens (also called 
psychotomimetics). 


Mode of Action 


A glance at Figure | shows the close structural relationship between 
three neurotransmitters implicated in the action of stimulants and hallu- 
cinogens and that of three such compounds. This resemblance is certain- 
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Figure 1 


CNS Neurotransmitters 
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Chemical structures of three pertinent CNS neurotransmitters and three proto- 
type stimulants and hallucinogens. Chiral carbons, which are marked by an 
asterisk, result in the existence of enantiomers. Chemically dopamine, norep- 
inephrine and mescaline are ee. amphetamine is a B-phenyli- 
sopropylamine, and serotonin as well as psilocin are tryptamines. 


ly responsible for the ability of the latter to masquerade as the former. 
The synthesis, release, presence, distribution and metabolism of these 
neurotransmitters in the brain presents a very complicated picture whose 
elucidation has been at the forefront of research in neurophysiology, 
neurochemistry and neuropharmacology for decades and will continue 
into the foreseeable future. It is generally accepted that normal brain 
function requires a minutely regulated balance of these neurotransmitters 
and that various types of modifications in their delicate homeostasis lead 
to profound alterations in brain function. Many useful drugs (anorectics, 
antidepressants, MAO-inhibitors, levodopa, etc.) have been developed 
which act by redressing such unbalanced states. Undoubtedly the mecha- 
nism of action of stimulants and hallucinogens is based on interference 
with the normal functions of one or several of these neurotransmitters. 
At present it is accepted that amphetamine and its derivatives are mixed- 
type sympathomimetic agents since they act both directly on norepineph- 
rine receptors and by effecting its release from intracellular stores. The 
picture for hallucinogens is less clear and further confused by the fact 
that compounds with very different structures (LSD, bufotenine, myristi- 
cin, harmaline, ibogaine, etc.) also have this activity. 
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Structure-Activity Relationships 


Two types of structural features play dominant roles in endowing 
analogues of these agents with activity: 


1. Those which determine their lipid/water partitioning (lipophili- 
city and ionization) since they affect the analogue’s entry into the brain. 


2. Those affecting the spatial distribution (configuration and confor- 
mation) of the molecules since they determine the closeness of fit and 
thus their affinity for the receptor molecules they interact with. 


Well over one hundred derivatives each of amphetamine and mesca- 
line have been synthesized and tested in various bioassays. It is impossi- 
ble to examine their SAR in depth (for this see the General Sources in 
the References) and this discussion will be limited to certain interesting 
and important features. 


1, Stimulants 

In a recent extensive review, Glennon (1987) described in detail the 
SAR of both the stimulants and hallucinogens. He considered the phen- 
ylisopropylamine structure (amphetamine itself) the point of departure 
from which both stimulating and hallucinogenic activity could be ob- 
tained by suitable molecular alteration. In general, substitutions on the 
aromatic ring reduce amphetamine-like activity; only N-methylation 
(methamphetamine) results in a potent stimulant. Increasing the size of 
the N-alkyl group greatly reduces this activity. 

Among the important s:.mulants is cathinone, the active principle 
present in khat, obtained from the plant Catha edulis. It is simply B-keto- 
amphetamine. (S)-(-)-Cathinone is about “sth as potent as dextroamphet- 
amine and some 5 to 10 times as potent as its enantiomer, (R)-(+ )-cath- 
inone. 

An extensive compilation (van Kammen et a/., 1984) is available on 
the activity of the amphetamine enantiomers in a large number of psy- 
choactivity tests. From a SAR point of view, the stereoisomeric potency 
ratios are unusually small (range 1:1 to 10:1), dextroamphetamine usually 
being the more potent enantiomer. The low ratios indicate that the perti- 
nent receptor or site of action displays low stereoselectivity. 

In Figure 2 are shown the structures of dextroamphetamine and var- 
ious analogues which are marketed as anorexigenic agents, 1.e., with ap- 
petite suppressant activity. Although not entirely, this therapeutically de- 
sirable property generally goes hand in hand with the undesirable CNS 
stimulation. A considerable structural latitude is permitted provided the 
B-phenylisopropylamine moiety is contained in the structure. 

With regard to absolute configuration, the data assembled in Table 1 
indicate that enantiomeric amphetamines differ in potency as anorectics. 
The enantiomeric potency ratios (two to four fold) are surprisingly small 
in contrast with other psychoactive drug families, implying that in exert- 
ing their effect a loose binding to the receptor suffices. Eudismic-affinity 
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Figure 2 
Structures of Some Marketed 


Anorectic Agents 
NH, Z » .NHCH, 
Y H | 
CH, S CH, 
(2-S) - (+) Methannphetamine 
Dextroamphetamine 
qh NHCH,CH 
» ,N-CH,o LT Y ovr", 
CH 
CT F.C . 
Benzphetamine Fenfluramine 
+  NHCH, NH, 
CH, CT Xx, 
Propylhexedrine Phentermine 
* N(C,H,), O NH 
CH, 0 CH, 
Diethylpropion Phenmetrazine 


correlations (Lehmann, 1986) were not found for these data nor for sev- 
eral other available sets. 


2. Hallucinogens 

In one Hansch analysis a relation between hallucinogenic activity 
and lipophilicity (Barfknecht et al, 1975) was drawn. However, the anal- 
ysis only explained 62% of the variance thus reflecting a large error in 
potency estimates as well as the fact that many partition coefficients 
were calculated and not measured. 

The SAR of mescaline-like psychotomimetics has been summarized 
(Barfknecht et al., 1978): 

a) A methyl group on the a-carbon enhances potency, while smaller 
(hydrogen) or larger (ethyl) groups result in analogues which may be 
psychoactive but are not psychotomimetic. 

b) In regard to substituents on the aromatic ring, three are better 
than one or two and the optimal substitution pattern is 2,4,5 (see Table 
2). 
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Table 1 


Anorectic Activity of 
Enantiomeric Amphetamines 
(From Houlihan & Babington, 1981) 


ED50 MG/KG (RAT) 


R' (+) (-) (+) E.R. 

H H 2.8 @x 6.4 4.3 2.3 
4-Cl H 1.3 @x 2.6 2.1 2.0 
2,4 - Cl, H 10.0 260? 4.1 3.8 
3, 4- Cl, H 4.0 18@? 29 2.2 
3 - CF, C,H, 2.8 @x 10.0 5.2 3.6 
3-CF, | CH,CH,OH 4.0 @x 15.0 5.2 3.8 


E.R.= Eudismic Ratio = Potency Ratio (Eutomer/Distomer) 
@ = Eutomer (More Potent Enantiomer) 

x = (S) - Absolute Configuration 

? = Absolute Configuration Unknown 


c) Since these compounds are metabolized by modification at the 4- 
position (H>OH, CHs0>OH), its blockage with methyl or halogen sub- 
stituents yields more potent and longer lasting hallucinogens (viz. DOM 
and DOB, Table 3). 

d) The N-methyl derivative of DOM is not psychotomimetic, but 
rather an antagonist. 

e) The presence of an a-methy] group leads to the separate existence 
of enantiomers; the (R)-(—) configuration, corresponding to tliat in 
LSD, is more potent than the (S)-(+) enantiomer. 

f) Distribution in the different phases of the body is strongly affected 
by a compound’s water-lipid distribution, which in turn, is determined by 
the whole structure, including positional isomerism. 

Some of the more interesting analogues are listed in Table 2. As 
shown, the number, position and size of the substituent on the aromatic 
ring influence the analogue’s potency substantially. Particularly interest- 
ing are the two homologous series (4-R =alkyl or thioalkyl) which seem 
to indicate that ethyl or thioethyl are optimal, activ'ty decreasing to 
either side. 
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Table 2 


SAR of Halluci ic Phenylisopropy! 
Amines in line Unite . 


2, 5 - (OCH,), 


4- OCH, 6 | 3,4,5-(OCH,), 
2,4-(OCH,), 6 | 2,4,5-(OCH,), CH,CH, 100 
2,5-(OCH,), 6 | 2,3,4-(OCH,), CH,CH,CH, 80 
3,4-(OCH,, 1 | 2,3,5-(OCH,), CH,CH,CH,CH, 40 
2,3,4,5-(OCH,), 6 | 2,3,6-(OCH,), CH,CH,CH,CH,CH, 10 

CH, 2, 4, 6 - (OCH,), 


S - CH, 40 
S - CH,CH, 80 
S - CH(CH,), 40 
S - CH,CH,CH, 60 


‘cH;O 


MDA 
N-ME(=MDMA) 0 


The requirement for high complementarity with the pertinent recep- 
tor is shown by the data presented in Table 3. “he enantiomeric potency 
ratios range from three to ten fold, increasing with potency as has been 
found in many other series (Lehmann, 1986). In contrast to amphetamine 
derivatives where N-alkylation is tolerated, mescaline derivatives lose 
most of their potency when converted to N-CHs derivatives. 

In contrast, in the tryptamine hallucinogens dialkylation to produce 
the N-methyl-N-iPr derivatives leads to substantial increases in potency 
as well as oral activity (Repke et a/., 1985). 
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Relative Potencies of 
Some Enantiomeric Psychotomimetics 
(From Anderson et a/, 1978) 


Potency of RAC. 
Name Mescaline «= 1 E.R, 


DOB 400 F/S « 10 
DOM 80 WS «4 
DOET 100 AWS «4 
~~ NH, 
CH, 3,4-MDA 3 AS «3 
CH, 
(Amphetamine a oo S/R = 2) 


Note: LSD 5R/5S > 20 
E.R. = Eudismic Ratio = Potency Ratio (Eutomer/Distomer) 


Conclusion 


The stimulants and hallucinogens represent two drug classes with 
overlapping pharmacological profiles, especially at higher doses. Their 
relatively simple structures dictate easy syntheses. Furthermore, the fact 
that in chiral analogues both enantiomers display psychoactivity, resolu- 
tion is often unnecessary thereby simplifying their production. The wide- 
spread amphetamine addiction patterns of the forties and fifties (Cald- 
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well, 1980), which seemed to wane in the sixties and seventies, may again 
become prevalent, This possibility should be countered energetically by 
all concerned parties, 
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Structure-Activity Relationships of 
Morphinomimetics 


J.P. Tollenaere, Ph.D. 


Introduction 


In 1913 P. Ehrlich stated that “corpora non agunt nisi fixata.” Since 
that time, the concept of receptors has enjoyed a prominent place in our 
thinking about drug-receptor interactions and in discussions of the possi- 
ble modes of action of drugs. Although receptors interacting with central 
nervous system (CNS) drugs have not yet been isolated, it is assumed 
that receptors are structural entities which do interact with drugs, lead- 
ing to a drug-receptor complex. It is further thought that such a complex 
gives rise to a stimulus, which eventually leads to an experimentally ob- 
servable pharmacological effect. 

Because the three-dimensional structure of the receptor is lacking, 
one is forced to study the anatomy of the drug molecule supposedly 
acting on a particular receptor. Studying the stereochemical anatomy of 
drug molecules may lead to a classification of drugs based on their three- 
dimensional (3-D) characteristics. In doing so, one may come up with 
the so-called pharmacophoric pattern common to a given set of drugs or 
the essential chemical features necessary to elicit a pharmacological or 
biochemical effect. A pharmacophore may thus be defined as a 3-D pat- 
tern of atoms or groups of atoms in a well-defined mutual orientation 
that is necessary for the recognition of and interaction with a receptor. 

Whereas in the past the classification of drugs was based on the clas- 
sical two-dimensional representation of molecules — the so-called topo- 
logical representation — today a large body of knowledge on the 3-D 
properties of drug molecules is available (Tollenaere er a/., 1979). In fact, 
with the almost routine application of X-ray diffraction techniques to 
small molecules, a wealth of information has been generated, and in this 
way, a precise account has been provided on the 3-D structure or the 
conformation of molecules in the solid state. Although it may be argued 
that the 3-D structure of a molecule, as observed in the solid state, is not 
necessarily identical to the 3-D structure in the vicinity of the receptor, 
it should be noted that the solid state conformation is a low-energy state 
and, therefore, a very probable structure. 

In this paper, an outline will be presented on the main structural 
classes of morphinomimetics. For the purpose of this contribution, a 
morphinomimetic or narcotic analgesic is defined as a substance whose 
administration in animals is followed by a series of phenomena including: 
1) relief or abolition of pain; 2) respiratory depression in all species; 3) 
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excitement and Straub tail effect and mydriasis in mice; 4) lead pipe ri- 
gidity in rats. Morphinomimetics are further characterized by nalorphine 
or naloxone antagonism. 


Derivatives of 4~Phenylpiperidines 


A large number of morphinomimetics of seemingly unrelated struc- 
ture have in common either the 4-axial phenyl or 4-equatorial phenylpi- 
peridine fragment. 


Pentacyclic structures 

The best known structure belonging to this class is the naturally oc- 
curring (—) morphine. From Figure 1, which shows the 3-D structure 
as determined from X-ray crystallographic methods (Gylbert, 1973), it is 
seen that morphine is a pentacyclic rigid structure and a derivative of 4- 
axial phenylpiperidine, with the meta-hydroxypheny] ring in an axial and 
the N-methyl group in an equatorial orientation relative to the piperidine 
ring. Its five asymmetric carbon atoms are denoted as 5R, 6S, 9R, 13S 
and 14R. The morphinomimetic activity of morphine resides solely in the 
(—) enantiomer (Janssen and Van Der Eycken, 1968). Codeine, azido- 
morphine, pholcodine, heroin and the antagonists nalorphine and nalox- 
one are all classified as pentacyclics. 


Figure 1 
(—) morphine 


Hexacyclic structures 

Hexacyclic structures derived from thebaine, some of which are sev- 
eral hundred times more potent than morphine, are characterized by a 
sixth ring system. In Figure 2, which shows the conformation of 19-pro- 
pylthevinol (Van den Hende and Nelson, 1967), the basic ring skeleton of 
morphine can easily be seen. The absolute configuration of the hydroxy- 
alkyl group is of major importance for the morphinomimetic activity of 
this class of compounds. 


H4C-C - OH 


0 = CH, 
H4C -N 


Tetracyclic structures 

In contrast to the thebaines, which have a more complex structure 
than morphine, morphinomimetic activity is shown by compounds pos- 
sessing tetracyclic structures or the so-called morphinans. From the 
structure of the levo-isomer of dextromethorphan (Gylbert and Carl- 
strom, 1977) shown in Figure 3, it is clear that upon deletion of the ether 
oxygen, a tetracyclic structure results, in which part of the morphine is 
still discernible. 


Tricyclic structures 
In the last five years or so a great deal of X-ray crystallographic 
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Figure 3 
levo-isomer of dextromethorphan 


work has been performed on morphinomimetic tricyclics or the benzo- 
morphans. Depending on the nature of the substituent on the nitrogen 
atom of the piperidine ring, morphinomimetic agonistic and antagonistic 
effects ensue. In Figure 4 the structure (Gelders et a/., 1980) of the 
potent agonist phenazocine is depicted. Other structures belonging to this 


Figure 4 


phenazocine 


class of compounds include metazocine, dimephen, cyclazocine, pentazo- 
cine, ketazocine, and ethylketazocine. 


Bicyclic structures 

Ever since the synthesis of pethidine (meperidine), the structure 
(Van Koningsveld, 1970) of which is shown in Figure 5, literally thou- 
sands of 4-phenylpiperidine derivatives have been synthesized and tested 
(Janssen and Van Der Eycken, 1968). As can be seen from Figure 5, the 
phenyl adopts an equatorial position in the piperidine ring, in contrast to 
the axial phenyl position of the morphinomimetics thus far discussed. 
Other compounds belonging to this class of compounds are, for example, 
the a- and B-prodines and their derivatives, the a- and B-promedols and 
their derivatives, ketobemidone and phenoperidine. 

As a result of the extensive research in the field of substituted 4- 
phenylpiperidines, a vast body of evidence has accumulated, suggesting 
that opiate receptors are stereospecific (Portoghese, 1978 and references 
cited therein). 


3,3-Diphenylpropylamines 

The crystal structure conformation (Biirgi et a/, 1973) of metha- 
done, the archetype of this class of compounds, is depicted in Figure 6. 
Other structures in this class possessing morphinomimetic activity equal 
to or greater than morphine are, for example, isomethadone, dextromora- 
mide, methadol, and acetylmethadol. Long-acting, optically inactive 
compounds also belonging to this class of compounds include bezitra- 
mide and piritramide. 
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Fentanyl and derivatives 

Fentanyl, whose crystal structure conformation (Peeters et al., 1979) 
appears in Figure 7, and many of its derivatives belong to the most 
potent class of morphinomimetics known. Depending on the nature of 
the substituent on the 3- or 4-position of the piperidine ring, derivatives 
arise exhibiting analgesic potencies several thousand times that of mor- 
phine (Van Bever et a/., 1974; Van Bever et ai, 1976; Van Daele et ai, 


Figure 7 
fentany/ 


0 


Pyengong)-y-L-enpen, 
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1976; Janssen and Tollenaere, 1979). In addition to X-ray crystallo- 
graphic work, theoretical conformational analysis studies have add’essed 
the problem of the receptor-preferred conformation of fentanyl and its 
derivatives (Tollenaere et ai., 1986). 

The best known compounds related to fentanyl are carfentanil, lo- 
fentanil, alfentanil and sufentanil, the latter having a morphinomimetic 
activity on the order of 4,000 to 5,000 times that of morphine as well as 
an unusually high safety margin. 


Miscellaneous compounds 

The fact that a relatively large number of morphinomimetics having 
vastly different structures from the ones discussed thus far, defying any 
reasonable classification, suggests that our knowledge of the opiate-re- 
ceptor topography is still rudimentary and/or may be taken as evidence 
for the existence of various subpopulations of the opioid receptor. In 
fact, compelling evidence from behavioral, pharmacological and _ bio- 
chemical studies indicates the existence of several subpopulations of the 
opioid receptor (Zukin and Zukin, 1984). In contrast to most morphino- 
mimetics described above, which can be designated as p-receptor agon- 
ists, tifluadom is an example of an effective opioid analgesic with a pref- 
erence for the opioid x-receptor. From Figure 8, which shows the crys- 
tal structure conformation of tifluadom (Petcher et a/., 1985), it is seen 
that (+)-S-tifluadom is a 1,4-benzodiazepine derivative and consequently 
is structurally totally unrelated to any of the above compounds. 


Figure 8 
(+) -S-tifluadom 


13] 


The potent p-opiate etonitazene, with an analgesic activity of ap- 
proximately 1,000 times that of morphine, is another example of a struc- 
ture which has resisted all attempts at classification. As can be seen from 
the representation of the crystal structure conformation (Humblet, 1978) 
in Figure 9, etonitazene is a basic nitro-substituted benzimidazo deriva- 
tive. 


jor CH, 
CH,- N 

my \CH.- CH 
CH, 7 CH; 


\ 
N 

®t » enn {_\-o- CH=CH, 
NO2 N 


Conclusion 


Over the last few decades an overwhelmingly large number of syn- 
thetic morphinomimetics has been synthesized and tested. A thorough 
comparison reveals, both topologically and topographically, that a rea- 
sonably successful classification of most of the various structures can be 
made. The fact, however, that a considerable number of very potent an- 
algesic compounds having unexpected structures cannot be assigned to 
any of the existing structural classes would lead us to expect that new 
unexpected structures will be encountered in the future. 
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Preclinical Pharmacology of Drug Abuse 


K. Kelemen, M.D., D.Sc. 


“As far back as recorded history, every society has used drugs that 
produce effects on mood, thought, and feeling. Moreover, there were 
always a few individuals who digressed from custom with respect to the 
time, the amount, and the situation in which these drugs were to be used. 
Thus both the nonmedical use of drugs and the problem of drug abuse 
are as old as civilization itself’ (Jaffe, 1985). 

Drug dependence, however, is not confined to humans and many 
major aspects of drug abuse can be observed and studied in laboratory 
mammals. Moreover, all known drugs with abuse liability in man evoke 
characteristic pharmacological effects in animals and several relatively 
simple tests are available to study these effects in the laboratory. 

Tolerance and physical dependence are most frequently but not nec- 
essarily associated with the development of compulsive drug abuse. 

Tolerance is a reduced effectivity after repeated administration of the 
drug requiring increasingly larger doses to obtain the same effect. Toler- 
ance does not develop uniformly to all the actions of a drug. There may 
be complete tolerance to some actions, while responses to others are 
more or less unaltered. For example, in the case of opioids, considerable 
tolerance develops to the analgesic, euphorigenic and other central nerv- 
ous system (CNS) depressant effects (including respiratory depression 
which is responsible for death from narcotic overdose) while no toler- 
ance develops to the miotic and constipating effects. Medical problems 
arise from the prevalence and intensification of those effects to which no 
tolerance has developed. In the case of alcohol, tolerance to toxic effects 
may not develop in parallel with tolerance to CNS depression. Thus the 
consumption of more alcohol in order to obtain the desired effects may 
increase the risk of drug-induced organ damage. With amphetamines, a 
significant degree of tolerance to the euphorigenic, anorectic, hyperther- 
mic and lethal effects may be accompanied even by an increased sensitiv- 
ity to some toxic action (toxic psychosis). A high degree of tolerance to 
the behavioral effects of lysergide (LSD) develops after three or four 
daily doses but tolerance to the cardiovascular effects is less pronounced. 

Physical dependence is an altered physiological state produced by the 
repeated administration of a drug. In this state the continued administra- 
tion of the drug is necessary to prevent the appearance of a characteris- 
tic group of symptoms, the withdrawal or abstinence syndrome. Physical 
dependence develops during the chronic administration of opioids, hyp- 
notics, alcohol, amphetamines, cannabinoids and nicotine. Withdrawal 
symptoms are usually rebound effects. General depressants elevate the sei- 
zure threshold and spontaneous seizures appear during withdrawal. Am- 
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phetamines alleviate fatigue, suppress appetite and elevate mood while 
amphetamine withdrawal is characterized by lack of energy, hyperphagia 
and depression. Physical dependence may develop rapidly. Withdrawal 
symptoms can be induced by naloxone, an opioid antagonist, even after a 
single injection of morphine or heroin in the mouse (Wiley and Downs, 
1979), 

Withdrawal signs include tremor, teeth chattering, wet dog shakes, 
tachycardia, hyperventilation and diarrhea. After three days of chronic 
exposure to ethanol, mice developed marked physical dependence, with 
spontaneous seizures upon abrupt withdrawal (Tabakoff and Hoffman, 
1983). This rapid development of physical dependence may explain the 
fact that a human taking a short-acting drug to induce euphoria or 
reduce tensions will soon experience dysphoria and exacerbation of ten- 
sions (rebound effects) as the drug is eliminated from the body. This 
prompts him to take the drug again and the alleviation of the withdrawal 
symptoms reinforces the drug-using behavior. 

Withdrawal symptoms and their relief can be conditioned to envi- 
ronmental stimuli both in animals and humans. This may be one of the 
reasons why taking placebos (an inert pill or injection of saline) can, 
under appropriate conditions, evoke the well-being, and even the relief 
of withdrawal symptoms, previously produced by the active drug 
(Wikler, 1980; Donegan et al., 1983). 

Cross-tolerance and cross-dependence may develop within groups of 
structurally or pharmacologically related drugs. Thus, individuals 
(humans and animals alike) may display a certain degree of insensitivity 
to drugs never experienced before and some drugs can substitute for 
other ones in relieving withdrawal symptoms. 

Tolerance and physical dependence are, however, not necessarily 
linked to compulsive drug use. They may develop after the chronic ad- 
ministration of drugs without any abuse liability, like anticholinergics, 
chlorpromazine or imipramine. 

The most important factor of drug dependence, as a medical and 
social problem, is compulsive drug abuse, a craving for the drug. Man's 
passion to take drugs is shared with other mammals. Laboratory animals 
are ready to self-administer the majority of drugs used compulsively by 
man. If these drugs are accessible, animals behave very much like human 
abusers, suggesting that beside social and psychological factors, the rein- 
forcing properties of the drugs themselves play a very important part in 
drug abuse. Some drugs, like chlorpromazine, seem to have aversive 
properties and animals try to avoid them at the same time when they are 
ready to press a lever several thousand times to get a single injection of 
cocaine. They even self-administer enormously high daily doses which 
produce severe toxic effects and kill the animals (Johanson and Schuster, 
1981). There are characteristic “reward” areas in the rat’s brain which 
are, through implanted electrodes, passionately self-stimulated by the ani- 
mals, by means of lever pressing. Both CNS stimulant sympathomime- 
tics, like amphetamines and cocaine, and opioids, like morphine, lower 
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the intensity of electric current required to produce “rewarding” effects 
in these brain areas (Kornetsky and Esposito, 1981). 


Drugs with Abuse Liability 

1, Opioids 

A group comprising the drugs derived from opium (morphine and 
codeine), their semisynthetic congeners, the many totally synthetic enti- 
ties with morphine-like actions and the endogenous opioid peptides. 

2. CNS sympathomimetics 

Amphetamines, cocaine, cathinone. 

3. Hallucinogens (psychedelics, psychotomimetics) 

LSD, psilocybin, mescaline. 

4. Arylcyclohexylamines 

Phencyclidine (PCP). 

5. General CNS depressants 

Barbiturates, benzodiazepines. 

6. Alcohol. 

7. Nicotine and tobacco. 

8. Cannabinoids (marihuana). 

9. Inhalants. 

10. Anesthetic gases and solvents, glue 

For the present topic, the first four items are of primary interest. 
Like other such groupings, this is a highly imperfect classification. Very 
important drugs, like dimethoxyamphetamine (DMA), 2,5-dimethoxy-4- 
methylamphetamine (DOM), 3,4-methylenedioxyamphetamine (MDA), 5- 
methoxy-3,4-methylenedioxyamphetamine (MMDA) do not find their 
proper place as they may be equally classified as CNS sympathomimetics 
(group 2) or hallucinogens (group 3). PCP which is, due to its structure 
and pharmacological actions, an independent item, has very pronounced 
psychedelic properties and has a quite peculiar relationship to a certain 


opioid receptor. 
Opioids 


This group comprises a great variety of compounds which share 
some morphine-like (or morphine antagonistic) properties. Many semi- 
synthetic and synthetic derivatives of the morphine molecule, other syn- 
thetic analgesics like phenylpiperidines (meperidine and congeners, fen- 
tanyls included), diphenylheptanes (pentazocine and congeners) together 
with some naturally-occurring peptides (the enkephalins, the endorphins 
and the dynorphins) all belong to this group. This structural heterogene- 
ity ‘etermines the variations in the pharmacological effects of these 
drugs which, beside some relevant common properties, display very im- 
portant individual differences. 

The discovery of the endogenous opioid peptides, i.c., the “mor- 
phines” produced in our body which as neurotransmitters and neuro-hor- 
mones seem to play a crucial role in fundamental physiological functions, 
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has given rise to much speculation as to why opioids of plant and syn- 
thetic origin can be so important for human beings, Beta-endorphin 
levels are increased in the cerebrospinal fluid (CSF) after stimulation to 
produce pain relief, after acupuncture but also in heroin addiction. 
Levels of metenkephalin in human CSF are reduced during migraine at- 
tacks and in heroin addicts and are elevated after electroacupuncture for 
relief of withdrawal symptoms in heroin addicts (Kuhar and Pasternak, 
1984), But enzymatic activity and poor passage of these peptides across 
the blood-brain-barrier make them unlikely candidates for drugs of abuse 
or for clinical use. 

It is now generally accepted that the heterogeneity of opioids is ¢e- 
lated to the existence of different receptors, specific binding sites in the 
brain and other organs. Four major receptors, identified as mu, kappa, 
sigma and delta with various subtypes, are distinguished by the different 
compounds which can bind with different affinities and exert agonistic, 
antagonistic or partial agonistic effects. 

The relationship of some opioid drugs to the different receptor types 
is shown in Table |. 


Table 1 


Prototypes of Agonist, Antagonist and Mixed Agonist- 
Antagonist 


Compounds at Opioid Receptors 
Receptor types 


The mu receptor is thought to mediate supraspinal analgesia, respira- 
tory depression, euphoria, and physical dependence; the kappa receptor 
mediates spinal analgesia, miosis, and sedation; the sigma receptor medi- 
ates dysphoria, hallucinations and respiratory and vasomotor stimulation. 
The classification of the delta receptors has been mainly necessitated by 
the different effects of opioid peptides and drugs which inhibit contrac- 
tions of the isolated guinea pig ileum and mouse vas deferens. 

It would be tempting to focus our attention on drugs with an agonis- 
tic effect on mu receptors, responsible for euphoria and physical depend- 
ence, as indeed, morphine, heroin aid fentanyl are all potent mu receptor 
agonists. This rather simplified view proved, however, erroneous. For in- 
stance, pentazocine, an opioid of mixed action and a mu receptor antago- 
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nist, which does not prevent but precipitates a morphine withdrawal syn- 
drome, proved to be addicting by itself and became popular for intrave- 
nous abuse in combination with tripelennamine, an antihistamine. Phen- 
cyclidine (PCP), a hallucinogen, seems to be related to the sigma recep- 
tor which is responsible for the dysphoria and hallucinations caused by 
some opioids. 

The most important pharmacological effects of morphine are sum- 
marized in Table 2, Mu agonists share the majority of these properties 
with morphine but other opioids, as shown above, may differ consider- 
ably. 


Table 2 


Pharmacological Effects of Morphine 


Central nervous system 
Analgesia 
Drowsiness 
Euphoria 
Nausea, vomiting 
Respiratory depression 
Hypothermia 
Hormonal disturbances 
EEG alterations 
Changes of the pupil (miosis followed by mydriasis) 
Excitation (pronounced in certain species) 
Other 
Cardiovascular changes (vasodilation) 
Increased smooth muscle tone (stomach, bowels, biliary tract, urinary tract) 
Decreased gastrointestina! motility 


Several laboratory tests are available to reveal and analyze the ef- 
fects of opioids. They are also suitable (o identify unknown compounds 
as opioids and to predict, with more or less reliability, their potential 
abuse liability in man. The majority of these tests are simple and can be 
carried out in the rat and mouse, i.e., in relatively cheap laboratory ani- 
mals. Some tests for a deeper analysis necessitate the use of monkeys, 
and others (such as receptor binding assays) require sophisticated labora- 
tory equipment (Wood, 1984). 

Some of the most important laboratory tests are summarized in 
Table 3. By the use of some quick analgesia and dependence potential 
tests a superficial profile of a potential opioid drug can be obtained in a 
relatively short time. 


Amphetamines 
Amphetamine is a well-defined chemical compund (beta-phenyliso- 


propylamine) which has powerful CNS stimulant and hypertensive ac- 
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Table 3 


Some Experimental Models for Testing of Opioids in 
Laboratory Animals ~ 


ANALGESIA TESTING 
Heat stimull 
Tail flick (rodents) 
CO, laser (rodents) 
Hot plate (rodents) 


Electrical stimuli 
Stimulation of the tail (rodents) 
Stimulation of the dental pulp (dog) 
Shock titration (rat or monkey) 


Chemical stimuli 
Writhing assay (rodents) 
Hyperesthesia (rodents) 


DEPENDENCE POTENTIAL 
Self-administration (rat or monkey) 
Primary dependence (rodents and monkey) 
Precipitated withdrawal (rodents and monkey) 
Cross-toverance (rodents and monkey) 


ISOLATED ORGAN TECHNIQUES (Neurotransmitter release inhib.) 
Guinea pig ileum 
Mouse vas deferens 


BIOCHEMICAL TECHNIQUES 
Receptor binding assays 


Table 4 


Pharmacological Effects of Amphetamines 


Wakefuiness, alertness 
EEG activation 
Increased psychological and physiological performance followed by fatigue 


tions. Its most important pharmacological effects are summarized in 
Table 4. There are many congeners with structural and pharmacological 
similarities which are usually called amphetamines. Dextroamphetamine, 
methamphetamine, phenmetrazine, methylphenidate and diethylpropion 
(amfepramone) differ only quantitatively (in the doses required to evoke 
the characteristic effects) from amphetamine, Some congeners, like fen- 
fluramine or phenylpropanolamine, however, do not evoke amphetamine- 
like subjective effects and are not self-administered by laboratory animals 
(Griffiths et ai, 1978), Some compounds, chemically derived from am- 
phetamine, possess LSD-like hallucinogenic properties (ODOM, DMA) or 
are mixed stimulants/hallucinogenics, like MDA or MMDA (Martin e7 
al, 1971), According to the description of cocaine addicts, the euphoric 
effect of cocaine is almost indistinguishable from that of amphetamine 
(Fischman and Schuster, 1982). The toxic syndrome caused by cocaine is 
also practically identical with that evoked by amphetamine and experi- 
mental animals exhibit identical patterns of self-administration. Cathinone, 
the active factor in the leaves of Catha edulis also has amphetamine-like 
properties. 

If amphetamines or cocaine are continually accessible, laboratory 
animals get quickly addicted to them and follow a characteristic self-ad- 
ministration pattern. They lose weight, get prone to self-mutilation and 
usually die within two weeks. Given a choice between cocaine and food, 
monkeys consistently select cocaine (Aigner and Balster, 1978). 

The typical effects of amphetamine can be demonstrated in a great 
variety of laboratory tests, some of which are listed in Table 5. A 
marked increase in the motor activity of mice or rats and the antagonism 
of the depressant effect of neuroleptics (e.g. chlorpromazine) on motility, 
which can easily be checked by simple devices, may suggest an ampheta- 
mine-like property of an unknown substance. 
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Hallucinogens 

Hallucinogens are drugs which cause alterations of mood and think- 
ing (illusions, hallucinations, delusions, etc.) similar to those occurring in 
endogenous psychoses. These phenomena are typical subjective effects in 
humans. Those who experience these feelings can speak about them to 
fellow-people by means of their language, a way of communication not 
shared with our experimental animals. There is no reason to suppose that 
rats or dogs have no subjective world of their own and even their own 
hallucinations, but these phenomena are beyond the reach of the usual 
laboratory studies. Thus, in detecting and analyzing hallucinogenic drugs 
in the experimental animals we are confined to some vegetative effects 
which are mere accompanying symptoms in the complex action of these 
drugs. There are some common effects of the known hallucinogens 
(LSD, mescaline, psilocybin, etc.) which are manifested mainly in their 
influence on the sympathetic nervous system. In most of the laboratory 
animals pupillary dilation, increase in blood pressure, tachycardia, hyper- 
reflexia, tremor, nausea, piloerection, muscular weakness and changes in 
body temperature are observed, These are rather non-specific signs, also 
produced by many other drugs. This is the reason why so many diverse 
tests have been described for the study of these compounds. Otis ef ai, 
(1978) have identified 52 test procedures from the literature as promising. 
These were culled to 12 on the basis of a set of criteria that emphasized 
reliability and simplicity of execution. Finally, from the procedures se- 
lected for intensive laboratory investigations, only three proved suffi- 
ciently discriminatory and reliable. They claim that the use of three 
simple tests: 

1) rat body temperature 

2) rabbit body temperature and 

3) photocell activity (spontaneous motor activity) of the rat is suffi- 
cient to classify unknown compounds into one of three drug classes— 
Hallucinogen, Stimulant or Other. 

Compounds which increase all the three measured parameters are 
stimulants (amphetamine-like), those which increase only rabbit body 
temperature but decrease both body temperature and spontaneous motor 
activity of the rat are hallucinogens (LSD-like) and any other combina- 
tion excludes the drug from these two categories. This battery of tests, in 
the hands of the authors, has correctly identified all 28 compounds sub- 
mitted for double blind evaluation as belonging to one of the above three 
classes. 


Arylicyclohexylamines 

Phencyclidine (PCP) represents an independent entity. It had been 
used clinically as a general anesthetic for a time, but due to its hallucino- 
genic effect, it was quickly withdrawn from the market for human appli- 
cation. It has CNS-stimulant, CNS-depressant, hallucinogenic and analge- 
sic actions. The name dissociative anesthetic was given to this drug be- 
cause under its influence surgical operations were performed without 
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pain and with complete amnesia to intervention while the patient had 
some, although distorted, contact with the external world during anes- 
thesia. In contrast to LSD, which is not self-administered by monkeys, 
self-injection of PCP seems to be “rewarding” to these animals (Aniline 
and Pitts, 1982). As mentioned above, PCP is likely to act on the sigma 
opioid receptor, considered responsible for the dysphoric and hallucino- 
genic effects of some opioid drugs. In the battery of tests recommended 
by Otis et ai, (1978), PCP was judged, under double-blind conditions, to 
be a hallucinogen but it was difficult to differentiate it from stimulants. 


The “modified jumping test”: a method for quick orientation 

The modfied jumping test has been described by Knoll (1973) as a 
method for quick orientation in drug research. Rats are placed onto a 
metal plate of 45°C under a glass cylinder open at the top and the 
bottom. This mild heat does not evoke any abrupt escape reaction but 
animals get slowly overheated and almost every rat is capable of discov- 
ering, without any previous learning, the only way of escape and after a 
shorter or longer latency they jump to the top of the cylinder. Rats pre- 
treated with effective doses of psychotropic agents lose this capacity of 
adaptation to the new environment and, if not removed from the plate, 
die of hyperthermia. Different classes of psychotropic drugs have the 
same effect (Table 6). But a reliable differentiation is possible by the use 
of specific pharmacological antagonists. As shown in Table 6, the opioid 
morphine, the neuroleptic chlorpromazine, the hypnotic phenobarbital 
and the hallucinogen LSD equally prevent the adaptive reaction but the 
opioid antagonist naloxone counteracts the effect of morphine (and only 
that of morphine) and pentylenetetrazol is effective only against the hyp- 
notic drug. Amphetamine antagonizes the effects of both neuroleptics 


Table 6 
Differentiation of Psychotropic Drugs by Specific 
Antagonists in the Modified Jumping Test 


Antagonist 
No Ampheta- Pentylen- 
Test drugs antag Naloxone mine tetrazole Caffeine 
Opioids 
like morphine ........... 0 + 0 0 0 
like chlorpromazine 0 0 0 0 
like phenobarbital ..... 0 0 + +/~— 
like LSD hesenneneenssmenctene 0 0 +/— 0 0 
0 = no animals die of if not removed 
+= animals jump @ normal reaction time 
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and sedative-hypnotics but they can be easily differentiated by the lack 
of effect of pentylenetetrazol against neuroleptics. LSD-like drugs ar° 
characterized, in this test, by the absence of a specific antagonist. 
Amphetamine behaves in a somewhat different manner. As shown 
by Table 7, relatively low doses of amphetamine improve the adaptive 
reaction (animals jump with a shorter latency than the controls) but 
higher doses which cause incoordination, hinder the escape. This effect 
of high anphetamine doses can be counteracted by alpha-methyltyrosine 
or para-chlorophenylalanine—drugs which interfere in the brain with the 
synthesis of neurotransmitters necessary for the action of amphetamines. 


Table 7 
identification of the Amphetamine-Type Stimulant Effect 
by the Modified Jumping Test 

Antagonist 
Test Drug mg/kg entag. yresne” | alanine ¥ 
Amphetamine ...... 2.0 +44 
Amphetamine ...... 10.0 + + 
0 = no , die of if not removed 


Conclusion 


Drugs with abuse liability in man have characteristic effects in ex- 
perimental animals. Simple laboratory tests can be helpful in the first ori- 
entation about the type of action of an unknown substance. 


References 


Aigner, T.G. and Balster, R.L., Choice behavior in rhesus monkeys: co- 
caine versus food. Science, 201, 534-535, 1978. 

Aniline, O. and Pitts, F.N., Phencyclidine (PCP): a review and perspec- 
tives. CRC Crit. Rev. Toxicol., 10, 145-177, 1982. 

Donegan, N.H., Rodin, J., O’Brien, C.P.: A learning-theory approach to 
commonalities. In: Commonalities in Substance Abuse and Habitual 
Behavior. Lexington Books, Lexington, 1983, pp. 111-156. 

Fischman, M.W. and Schuster, C.R., Cocaine self-administration in 
humans. Fed. Proc., 41: 241-246. 

Griffiths, R.R., Brady, J.V., Snell, J.D., Progressive-ratio performance 
maintained by drug infusions. Psychopharmacology, 56, 5-13, 1978. 


ida 


Jaffe, J.H., Drug Addiction and Drug Abuse. In: Goodman and Gilman's 
The Pharmacological Basis of Therapeutics, 7th Edition, Macmillan, 
New York, 1985, 

Johanson, C.E. and Schuster, C.R., Animal models in drug self-adminis- 
tration. In; Advances in Substance Abuse; Behavioral and Biological 
Research, Vol. Il (Mello, N.K., ed.) JAI Press Inc. Greenwich, 
Conn., 1981, pp. 219-297. 

Knoll, J., Modulation of learning and retention by amphciamines. In: 
Pharmacology and the Future Man, Vol. ¢, pp. 55-68, Karger, Basel, 
1973. 

Kornetsky, C. and Esposito, R.U., Reward and detection thresholds for 
brain stimulation. Brain. Res. 496-500, 1981. 

Kuhar, M.J. and Pasternak, G.W. (Editors), Analgesics: Neurochemical, 
Behavioral, and Clinical Perspectives, Raven Press, New York, 1984. 

Martin, W.R., Sloan, J.W., Sapira, J.D., and Jasinski, D.R., Physiologic, 
subjective, and behavioral effects of amphetamine, ephedrine, phen- 
metrazine, and methylphenidate in man. Clin. Pharmacol. Ther., 12, 
245-258, 1971. 

Otis, L.S., Pryor, G.T., and Marquis, W.J., Preclinical identification of 
hallucinogenic compounds. In: Stilman, R.C. and Willette, R.E. 
(Editors) The Psychopharmacology of Hallucinogens, Pergamon Press, 
New York, pp. 126-149, 1978. 

Tabakoff, B. and Hoffman, P.L., Neurochemical aspects of tolerance to 
and physical dependence on alcohol. In: Biology of Alcoholism, Vol. 
7 (Kissin B. and Begleiter H., eds.) Plenum Press, New York, 1983, 
pp. 199-252. 

Wikler, A., Opioid Dependence: Mechanisms and Treatment. Plenum 
Press, New York, 1977. 

Wiley, J.N., and Downs, D.A., Naloxone-precipitated jumping in mice 
pr treated with acute injections of opioids. Life Sci, 25: 797-802, 
1979. 

Wood, L., Animal models in analgesic testing. In: Analgesics: Neuroche- 
mical, Behavioral, and Clinical Perspectives (Kuhar, M.J. and Paster- 
nak, G.W., Editors), Raven Press, New York, 1984. 


145 


SLANG PAGE 


Clinical Pharmacology and Designer 
Drugs 


Jordi Cami, M.D. 


Drug Consumption in Spain 


At present the three illicit drugs causing major concern in Spain are 
Cannabis, in the form of hashish, heroin and cocaine. Figure | shows the 
evolution of confiscations made by the police in the last seven years with 
respect to the aforementioned drugs (Parlement Européen, 1986). After 
having suffered an extensive epidemic of traffic in and consumption of 
heroin—80,000 to 125,000 heroin abusers in the total Spanish population 
of 34 million (Navarro et a/., 1985), Spain is now faced with great expan- 
sion of cocaine consumption. Figure 2 illustrates the increasing number 
of patients admitted to the emergency room of our hospital during recent 
months due to withdrawal syndrome, overdose or toxic problems related 
to cocaine abuse (Cami ef ai, 1987b). A major proportion of these co- 
caine-related problems comes from its intranasal use. With respect to de- 
signer drugs our direct experience is limited. We are not aware of the 
use of analogues of fentanyl or phencyclidine in Spain. Only small 
amounts of MDMA have been confiscated during this and last summers 
in the tourist area of the island of Ibiza. Up to the present time, no one 
has been convicted in Spanish court because of MDMA or MDA traffic. 


Parallel Between Designer Drugs and ““Me-Too” Drugs 


During the last decades, many discrete chemical variants of success- 
ful and well-established drugs have been commercialized. From 30 to 50 
new chemical entities are introduced annually into the worldwide 
market; in 1986, 47 new chemical entities were introduced and 34 of 
them were congeners, popularly called “‘me-too” drugs (World Pharma- 
ceutical News, 1987). The main purposes of these chemical modificatior.. 
are to enhance potency, to alter pharmacokinetic properties and/or ° 
highlight a specific activity. Chemical strategies used to develop su 
analogues for therapeutic purposes are the same used by clandest ‘e¢ 
chemists who synthesize designer drugs. The assessment of the real au- 
vantages of analogues over the parent compounds is not free of meth- 
odological difficulties and is very expensive too. For instance, serious 
comparative efficacy studies require large samples of patients which are 
not always available with the resources of some pharmaceutical compa- 
nies. Frequently, analogues do not offer measurable advantages. But if a 
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congener presents a real advantage, why do the “parent” drugs remain 
on the market? (Garattini and Tognoni, 1985). Despite substantial thera- 
peutic advantages presented by some congeners, the general consensus 
points towards an excessive and unnecessary offering of drugs on the 
market. The following two cases show the parallelism between ‘‘me-too” 
compounds and designer drugs, and are particular examples of the devel- 
opment of analogues of substances causing dependence with therapeutic 
purposes. 

In the group of benzodiazepines, 25 ‘‘me-too” drugs are present on 
the Spanish market. On the basis of their clinical use, rate of absorption, 
activity of metabolites, and half-life, they could be divided into two or 
three groups; thus, all therapeutic requirements attributed to these sub- 
stances could be covered by only three or four agents (Cami, 1987a). A 
second example is the use of new potent opioid agonists. The main clini- 
cal application of fentanyl is as a supplement to general anesthesia with 
nitrous oxide; high doses of fentanyl are also used as the sole anesthetic 
for patients undergoing cardiac surgery. Alfentanil and sufentanil are 
newer fentanyl derivatives more potent than fentanyl and having a very 
short elimination half-life. This is a particular advantage during short op- 
erations and for day-care surgery (Bovill, 1987). However, such deriva- 
tives have pharmacological properties very close to those of alpha-meth- 
ylfentanyl, 3-methylfentanyl or para-fluorofentanyl, which are analogues 
synthesized clandestinely. The continuous search for new fentanyl ana- 
logues for future commercialization may constitute a therapeutic priority. 
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Clinical Pharmacology and Dependence Potential 


Clinical pharmacology should have a more important role in the 
controlled evaluation of effects and therapeutic possibilities of drugs of 
abuse, as well as in the extension of programs of clinical drug abuse li- 
ability testing. 

In the last decades, standardized and validated clinical testing proce- 
dures for studying the abuse liability of psychotropic substances in 
human subjects have been developed. These methods measure subjective 
effects of drugs, reinforcing effects, and production of physiological de- 
pendence assessed by symptoms of withdrawal which follow abrupt ter- 
mination of a chronically administered substance (Jasinski et a/., 1984). 
Current methods of drug self-administration are to evaluate dependence 
potential (liability), to determine what types of pharmacological and en- 
vironmental manipulations decrease drug-taking behavior and to serve as 
a means of investigating the pharmacological and behavioral mechanism 
underlying drug dependence (Johanson et al., 1987). 


Subjective Effects as Determinants of Reinforcing Properties 


Although the classes of drugs of abuse can be differentiated on the 
basis of their spectrum of subjective effects, certain effects in common 
produced by all such drugs appear as determinants of their abuse. Sub- 
jective effects would be more important than physiological dependence, 
or in other words, physiological dependence would be a property neither 
necessary nor sufficient for maintaining drug-seeking behavior. The 
abuse seems to be maintained by the reinforcing properties of the drug 
which are not associated with the presence or absence of physiological 
dependence, but which are related to distinctive subjective effects. We 
need a great deal more information on how individuals differ in their 
subjective responses to drugs. 

We are going to present some observations made in our laboratory 
of clinical experimentation, where since 1981 we performed pharmaco- 
dynamic and pharmacokinetic studies on psychoactive substances. In 
trials of single dose effects, the drug tested is not the only determinant of 
the pharmacological effects. The response is influenced by the prejudices 
of the subject concerning the effects of the particular drug, his/her ex- 
pectation of what will happen according to environmental conditions, 
and instructions received from the investigators. The balanced placebo 
design model permits a separate evaluation of the pharmacological ef- 
fects mediated by the subject’s expectations (Marlatt and Rohsenow, 
1980). The defining characteristic of the traditional double-blind method 
is that neither the investigator nor the subject is aware of the true nature 
of the substance administered (Table 1). In the balanced placebo design, 
whereas the double-blind strategy of the trial is maintained, and after neu- 
tral instructions concerning the drug’s effects are given, the expectation 
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Table 1 
Subject Allocation According to Trial Design 


Classic Double Blind Assay 
Placebo or Control Drug = Test Drug 
n subjects n subjects 
Balanced Placebo Design 
Placebo Test Drug 
= Positive Expectancy 
n subjects n subjects 
n subjects n subiects 
| Negative Expectancy —| 


‘actor is introduced. Immediately before the experiment half of the sub- 
yects who are truly given active medication are told that they will re- 
ceive placebo and vice versa; on the other hand, half of the subjects who 
will actually receive placebo are told that they will receive active medi- 
cation and vice versa. Using low doses of alcohol and hashish as the 
‘arget drug: in paid student volunteers, we achieved a percentage of de- 
ception of 94% (no. = 48), and 88% (no. = 48) respectively (Cami ef 
al., 1987c). Under these conditions and when low doses are used, data on 
self-evaluation of subjective effects is susceptible to multiple interpreta- 
tions. 

In a balanced placebo study using single low doses of alcohol, sub- 
jects were invited to carry out a self-evaluation of their drunkenness on a 
visual analog scale, whereas blood samples were drawn simultaneously 
for blood alcohol concentrations (Guerra ef a/., 1986). Figure 3 shows 
the mean values obtained in the experiment in which doses of alcohol 
were 0.8 g/kg (six subjects in each group of study). The highest drunk- 
enness score was found in the group of the subjects who were aware of 
alcohol consumption before the experiment, whereas results of those de- 
ceived were very similar to the results seen in the placebo group. 

The possibility of manipulating the subjective effects of low alcohol 
doses in experienced subjects can be also applied in the case of hashish. 
In a psychopharmacological study on the interaction of hashish and alco- 
hol using a balanced placebo design, 96 young students were selected in 
order to fulfill the 16 requisite conditions for differentiating groups with 
false or true expectations from school or hashish consumption, or both 
(Cami et a/., 1987c). Using the same visual analog scale, the time courses 
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of the subjective effects of alcohol were simultaneously although sepa- 
rately studied from those of hashish. Figure 4 shows the self-evaluation 
report of the group of subjects who previously were aware of what they 
would later consume. The drunk>nness estimation reported following 
intake of 0.5 g/kg of alcohol alone or together with hashish-tobacco 
cigarettes with an overall THC content of 2% is shown in the upper part 
of Figure 4. The self-evaluation report of effects of hashish in the group 
of subjects who consumed this substance alone or in combination with 
alcohol is shown at the bottom. The results of deceived subjects stand 
out (Figure 5). In these circumstances the changes reported were similar 
to the real situation of drug consumption. 

In our case, expectancy may act as a good transducer of the sub- 
ject’s cultural conditioning factors. Before the experiments, the 96 select- 
ed subjects were asked to fill out a checklist designed to assess their indi- 
vidual experiences in the consumption of drugs and their perceptions of 
things and situations while under the effects of these substances. A\l- 
though only subjects with a monthly pure alcohol consumption between 
700 and 4000 ml were selected, those with the highest rates within this 
range anticipated fewer difficulties and a better performance of psycho- 
metric tests than the less experienced volunteers, who anticipated a 
greater dullness and deteriorated performance under similar circum- 
stances. 

Financial reward is the primary reason given by healthy volunteers 
who participate in pharmacological trials (Hasser ef a/, 1977). It has 
been suggested that this subgroup of young people is characterized by a 
greater tendency to accept risks and to experience new perceptions. We 
do not know if this subpopulation reflects the subjective effects as do 
young people who consume drugs. We used the EPI questionnaire of 
Eysenck (Eysenck and Eysen*k. 1975) to assess the personality charac- 
teristics of these participants (Cami e/ a/., unpublished data). Since 1981, 
229 volunteers aged from 18 to 33 years (mean, 23 years) have been en- 
rolled in different experiments with psychoactive drugs in our laborato- 
ry. Data were compared with a similar population of students from our 
university community and with reference values obtained by the author's 
questionnaire from a sample of the English population. The university 
student population was used to validate the questionnaire (R. Torrubia, 
personal communication). Our healthy volunteers reached higher scores 
in extravert and psychotic scales, suggesting that they are more open and 
social people who externalize their emotions more. Zuckerman (1983) re- 
ported that high scores in the extravert scale is a more common feature 
of impulsive subjects who like the experience of new feelings. Addition- 
ally, the lowest scores in the neurotic scale indicate that volunicers are 
emotionally more unstable people than the average and are more adapta- 
ble to certain risky and stressful situations, such as participation in clini- 
cal trials. 

The observation of these nonpharmacological factors in studies per- 
formed in laboratories under very homogeneous methodological condi- 
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tions, relates to a “second generation” of clinical pharmacology more 
closely oriented to the health care system as a natural laboratory (Edito- 
rial, 1986). 


Pharmacokinetics as a Determinant of Drug Abuse 


Recent studies have provided evidence of the important role played 
by pharmacokinetic factors in predicting drug abuse. Rapid delivery of 
drug to the central nervous system (CNS) should provide optimal phar- 
macokinetic conditions to encourage readministration. Certainly “crack” 
consumption through the respiratory route seems to be an example. The 
absorption rate and bioavailability are also pharm .okinetic determinants 
of drug abuse, and consequently conditioning tactors for the preference 
of a particular substance over its analogues. 

The pharmacokinetic properties that presumably contribute to per- 
sistent self-administration and abuse of drugs can be grouped into those 
that relate to acute “reinforcing” effects of a drug, to the development of 
physical dependence, and to the occurrence of withdrawal upon cessa- 
tion of drug use (Busto and Sellers, 1986). 

Our demonstration of unacceptable levels of adverse side effects re- 
sulting from a potent inhibiting effect of furafylline on caffeine metabo- 
lism in those volunteers drinking caffeine-containing beverages, has obvi- 
ous implications in the field of development of new analogues (Tarrus e7 
al., 1987). When we were investigating the pharmacokinetics and toler- 
ance of oral doses of furafylline, a “me-too” theophylline, despite con- 
stant plasma levels, the repeated administration of furafylline appeared to 
be associated with the onset of adverse xanthine-like side effects, a find- 
ing which was subsequently traced to the presence of, and possible syn- 
ergism with, accumulated serum levels of caffeine (Figure 6). Another 
assay carried out in a volunteer receiving 100 mg of pure caffeine for 
seven days and one dose of furafylline on the fourth day (Figure 7) con- 
firmed the presence of furafylline as the only factor needed for the accu- 
mulation to take place. Furafylline completely inhibits the microsomal 
hepatic metabolism of caffeine, the same phenomenon being general 
among |,3,8-trisubstituted xanthines and not among 1,3-disubstituted 
xanthines, such as theophylline (Segura and Tarrus, 1984). This finding 
may have important implications in doping of sports, where the maximal 
accepted levels of caffeine consumption are controversial (World Sy n- 
posium on Doping in Sport, 1987). 


Conclusions 
The parallel between designer drugs and “me-too"’ compounds led 


us to certain proposals. Regulatory agencies of all countries where com- 
mercialization of new psychoactive drugs is available, should require 


156 


Figure 6 
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drug abuse liability testing. In this context, clinical pharmacology may 
play a substantial role in the extension of clinical dependence potential 
testing. In the future, an international consensus should establish the 
standardization of the procedures and the minimal requirements of pre- 
clinical and clinical drug abuse liability testing for regulatory and mar- 


keting purposes. 
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Figure 7 
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Assessment of Abuse Liability and Harm 
Liability of Drugs of Abuse 


Tomoji Yanagita, M.D., Ph.D. 


Introduction 


The dependence potential and abuse liability of a drug including the 
ill effects due to its abuse form an important scientific basis for schedul- 
ing of drugs under the Single Convention on Narcotic Drugs, 1961, and 
the Convention on Psychotropic Substances, 1971. 


For example, the former convention states that if a substance is 
liable to similar abuse and productive of similar ill effects as a drug in 
Schedule I or Schedule II, or is convertible into a drug in Schedule I or 
II, the World Health Organization (WHO) shall communicate that find- 
ing to the Commission on Narcotic Drugs (CND) of the Economic and 
Social Council of the United Nations. Under this convention heroin, 
morphine, cocaine, and cannabis can be regarded as the prototypic drugs 
in Schedule I, codeine as that of Schedule II, exemptable preparations 
are included under Schedule III, and heroin and cannabis are listed as 
well under Schedule IV. 


Similarly, the latter convention says that if a substance has the ca- 
pacity to produce similar abuse and similar ill effects as a substance in 
Schedule I, II, III, or IV, or has the capacity to produce a state of de- 
pendence and central nervous system stimulation or depression resulting 
in hallucination: ©: disturbances in motor functions or thinking or behav- 
ior Or perception or mood, and is being or is likely to be abused so as to 
constitute a public health and social problem warranting international 
control, WHO shall communicate to the CND an assessment of the sub- 
stance, including the extent or likelihood of abuse, the degree of serious- 
ness of the public health and social problem and the degree of usefulness 
of the subst:nce in medical therapy. The major drugs presently sched- 
uled under this convention are hallucinogens and tetrahydrocannabinols 
for Schedule I, amphetamines, some anorexiants, and methaqualone for 
Schedule II, short-acting barbiturates, glutethimide, and pentazocine for 
Schedule III, and long-acting barbiturates, meprobamate, some other an- 
orexiants, and benzodiazepines for Schedule IV. 


In view of the above scheduling criteria, data on dependence poten- 
tial and the other pharmacological properties of a drug must be obtained 
for assessment of the likelihood of abuse of the drug (abuse liability) and 
the possible ill effects when abused (harm liability). 
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I, Assessment of Abuse Liability 


The most important drug property relevant to the likelihood of 
abuse is the dependence potential of a drug. The dependence potential is 
also important to assess the harm liability of a drug. The dependence po- 
tential of a drug is predictable to some extent from its pharmacological 
similarity to those of prototypic drugs of abuse. Pharmacological profiles 
of several prototypic drugs of abuse.are shown in Table 1. Generally 
speaking, the drugs that produce central nervous system stimulation or 
depression, and/or strong analgesia accompanied by potent behavioral! 
effects are likely to produce dependence, and further study as described 
below may be needed. 


A. Assessment of Dependence Potential 

The WHO defines “drug dependence” in its technical repurt (WHO, 
1969) as a state, psychic and sometimes also physical, resulting from 
taking a drug, characterized by behavioral and other responses that 
always include a compulsion to take a drug on a continuous or periodic 
basis in order to experience its psychic effects, and sometimes to avoid 
the discomfort of its absence. 


As stated here, the essential state of dependence is the psychic de- 
pendence. It is well known, however, that in the case of such drugs as 
opiates, the development of physical dependence on these drugs may 
markedly enhance the drug-seeking and drug-taking behaviors. There- 
fore, when such enhancement is observable, the physical dependence can 
be said to influence the likelihood of abuse through enhancement of the 
psychic dependence. Thus, assessment of the physical dependence poten- 
tial in this regard also becomes very important. 


1. Psychic Dependence Studies in Animals 

The most important effect of a drug relevant to its psychic depend- 
ence potential is the reinforcing effect on drug-seeking and drug-taking 
behavior. The ability of a drug to produce central nervous system stimu- 
lation or depression at self-administered dose levels is also important. 
These effects can be observed by self-administered experiments on drugs 
in animals. In addition, recent developments have made it possible to ob- 
serve the subjective effects of a drug in comparison with those of the 
prototypic drugs in animals by drug discrimination experiments. 


a. Self-administration Experiments 
While various types of experimental methods for self-administration 
of drugs in animals are possible, the most widely used and basic method 
is that in which a fixed volume of drug preparation is automatically in- 
fused to an animal through an implanted catheter whenever the animal 
presses a lever available in its cage. Three standard procedures are usual- 
ly used in the self-administration experiment: cross (or time-limited) self- 
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Table 1 
Pharmacological Profile of Prototypic Drugs of Abuse 


Sedation, Resp. Depress Marked None Some Suppress CAR ' 
Potent None Potent peprese CAR ' 
Convuision Intermed. None None RR ° increase 
Ataxia, Anesthesia None Potent None Prolong IRT 2 
Hypermotility, Stereotypy Intermed None None Shorten IRT 2 
, None None Marked Shorten iRT 2 
Sedation, None None None Premature R 4 Pause in FI 
Stereotypy, Ataxia Potent None None? RR? increase 
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administration, continuous self-administration, and progressive ratio ex- 
periments, 

1) Cross Self-administration Experiments 

I) cross self-administration experiments, drug self-administration is 
available only for a limited period such as 15 minutes or four hours, 
during one or more sessions daily, and the intake rates are observed with 
a reference drug first, vehicle next, then a test drug at a certain unit 
dose, for two to four days each, This cycle is repeated for three to four 
unit doses. Various modifications of this procedure are possible, e.g. 
without the reference drug. This type of experiment has been conducted 
intensively by many investigato’s mostly in the rhesus monkey, and to a 
lesser extent in other species o/ animals such as the rat and dog. An ex- 
ample of the results obtained with several opioids and stimulants are 
shown in Figures | and 2 (Yanagita, 1977). 
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Results obtained in intravenous cross self-administration 
of several opioids with lefetamine (SPA) and saline in 
rhesus monkeys. The histograms represent the average 
self-administration ratio in 4-6 monkeys against lefetam- 
ine as 100%. 


2) Continuous Self-administration Experiments 

In continuous self-administration experiments, it is possible to ob- 
serve not only the reinforcing effect but also 

a) the property of a drug to produce overt signs of the effects at 
self-administered doses, 

b) the average daily doses for a fixed period, and 
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Figure 2 
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Same as Figure 1 except the test drugs are stimulants here. 


c) the trends of intake in the long term, i.e. whether increased, de- 
creased, or unstable. 

These findings will further serve for assessing tolerance and physical 
dependence potential as well as psychic dependence potential. The self- 
administration patterns observed in continuous experiments in rhesus 
monkeys On several prototypic drugs of abuse are shown in Table 2 
(Yanagita, 1977). 


Table 2 
Continuous Self-Administration 
Seif-administration positive 
Gradual Frequent 
increase No increase Intake Infrequent 
Morphine — yon Caffeine = ) 
Meperidine epam mphetamines escaline 
Codeine Chlordiaze- | Volatile anes- STP (DOM) 
Pentazocine poxide * thetics > THC 
Pentobarbital * Nalorphine 
Alcohol * Saline 
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3) Progressive Ratio Experiments 

Progressive ratio experiments are most relevant to an assessment of 
the psychic dependence potential of a drug, because reinforcing efficacy 
is assessed quantitatively, In the test, animals are obliged to press the 
lever an increasing number of times in order to receive each succeeding 
dose, and the lever-press ratio at the last obtained dose indicates the rein- 
forcing efficacy (Yanagita, 1975; Brady er a/, 1977), Using this proce- 
dure the reinforcing efficacies of drugs can be determined and compared 
between classes of drugs. Comparison of efficacies under the physically 
dependent and non-dependent states should be made if a drug is found to 
produce physical dependence. An example of this obtained with mor- 
phine, cocaine and pentazocine in rhesus monkeys is shown in Table 3 
(Yanagita, 1975). 


Table 3 
The Highest Lever Press Ratio for the Final Dose before 
Extinction 
Drug Dependent or its Control A/B 
(mg/kg/inj.) Monkey Analogous State (A) State (B) Ratio 
#1742 1,600° 1,600 1 
Morphine #234 12,800 1,600° 8 
0.5! #248 12,8002 6,400 2 
#254 6,400 2003 32 
Cocaine #281 800 1,600° 1/2 
0.111 #334 3,200 6,400 V2 
Pentazocine #171 3,200 6,4003 1/ s 
0.25' #364 3,200 3,200 
#412 3,200 6,400° 1 le 


‘ Unit-dose not adjusted each other 
2 Self-maintained dose level of morphine was very tow 
3 Tested first 


b. Drug Discrimination Experiments 

Drugs are usually abused because of their desirable subjective effects 
such as euphoria or feelings of elation, well-being, and contentment. It is 
thus important to observe such effects. In animals, however, observation 
of the subjective effects by verbal communication is impossible. Instead, 
experimental methods to assess the discriminative stimulus properties of 
drugs have been developed employing operant behavioral techniques. In 
such experiments, animals are trained to respond to the subjective effects 
of a training drug in a fixed manner, after which a test drug is adminis- 
tered and the animals’ responses are observed. If the animals respond in 
the same manner as for the training drug (generalization), the subjective 
effects of the test drug are assumed to be similar, at least in part, to those 
of the training drug. Using such methods, intensive studies have been 
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conducted on various psychotropic substances, mainly in the rat but also 
in the monkey. As for the results, animals were found to have similar 
discriminating capability to that of humans, In animals, this test has par- 
ticular importance in assessing psychic dependence potential of some 
psychotropic substances which do not show any reinforcing effect in 
animal experiments, An example of the results obtained with several 
drugs in cocaine-trained rhesus monkeys is shown in Table 4 (Ando er 
al., 1978), 


Table 4 
Generalization Test in Rhesus Monkeys Discriminating 


Cocaine 
(0.1 mg/kg, i.v.) from Saline 


Cocaine-like response 


(+: >60% 

Tested doses SEER 

Drug (mg/kg, i.v.) No. 726 No. 742 
SAVING ooo ccccccccccccceetereeeeees yt , - 
ee 0.05 - 0.4 a + 
d-Amphetamine ...............006. 0.025- 0.4 + + 
VMIPFAMINE oo. cccccccceceeeeees 0.05 - 3.2 + - 
CO 0.05 - 1.6 + - 
Chlorpromazine ...............0606. 0.05 - 0.4 ~ ~ 
Pentobarbital-Na@ 00.0.0... 4 - 16 - - 
AT 100 - 400 - _ 


2. Psychic Dependence Studies in Humans 


a. Subjective Effects 

The most widely used methods for this purpose are observation of 
some characteristic pharmacological effects and assessment of the subjec- 
tive effects of a drug including liking of the drug. As subjects, persons 
experienced with drug abuse are desirable; however, naive subjects can 
also be used within limits. Several questionnaires such as the MBG/ 
PCAG/LSD scales (morphine-benzedrine group/pentobarbital, chlorpro- 
mazine, alcohol group/LSD) of the Addiction Research Center Invento- 
ry (Haertzen, 1966) and POMS (profile of mood state; Johanson ef al, 
1980a) are frequently used. 


b. Reinforcing Effects 
Several investigators have attempted to assess the reinforcing effects 
of opiates, sedative-hypnotics, and stimulants in humans by using various 
testing methods. For example, Griffiths et a/. (1979) used former sedative 
abusers as subjects and tested choice preference among two dose sizes of 
pentobarbital, diazepam, or chlorpromazine, and placebo. The subjects 
were allowed to choose the drugs whenever they exercised with a sta- 
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tionary exercise bicycle for a 15-minute period, In the results, both pen- 
tobarbital and diazepam maintained self-administration, but not chlorpro- 
mazine or placebo, Studies similar to this were conducted on heroin 
(Mello, 1981), d-amphetamine, and diazepam (Johanson e7 a/., 1980a and 
1980b) 


B. Assessment of Physical Dependence Potential 

The methods to assess the physical dependence potential of a drug 
are divided into two types of experiments. One is a cross dependence ex- 
periment in the subjects which are physically dependent on one of the 
prototypic drugs such as morphine or barbiturates, and the other is a 
physical dependence-producing experiment by repeated administration of 
a test drug to normal subjects. 


1. Physical Dependence Studies in Animals 


a. Cross Physical Dependence Experiments 

The method to assess the cross-physical dependence potential of a 
drug in laboratory animals is well developed. The standard procedure is 
to make animals physically dependent on morphine, barbital, or some 
other drug, then withdraw the drug for a time, and administer a single 
dose of a test drug. If the test drug suppresses the withdrawal signs the 
drug is regarded to have that type of physical dependence potential. 
Such opioids as heroin, pethidine, methadone, and codeine will suppress 
morphine withdrawal signs, and many sedative-hypnotics including ben- 


Table 5 
Physical Dependence Potential of Several Potent 
Analgesics and Related Drugs Tested in Rhesus Monkeys 


Cross physical dependence 


Suppression Precipitation Complete Physical 
of morphine of morphine suppression dependence- 


withd.* withd. mg/kg) producing 
property 

Morphine ...........0000 + - 3.0 sc +++ 
Methadone ............... + = 3.0 sc Untested 
Oxymethebano ........ 4 - 3.0 sc +++4 
Meperidine ................ + - 10.0 sc +++ 
ll EE + - 16.0 sc +++ 
d-Propoxyphene ....... + - 16.0 sc ++ 
Thebaine ................. ~ + +4 
Azabicyciane ............ —(+)** + ++ + 
SEE Pasesseccevsvervoeeee —(+) + ++ 
Pentazocine .............. ~(+) + + 
Naloxone .............0.00.. —(—) + pe 


* Dependent on morphine—3 mg/kg x 4/day. ‘°** Dependent on morphine—0.3 mg/kg x 4/day. 
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Table 6 
Physical Dependence Potential of Several Sedative- 
Hypnotics Tested in Rhesus Monkeys 


Cross physical dependence’ 


Sunprepsion of Complete sup- Physical de- 


arbital pression endence pro- 

Drugs withdrawal (mg/kg) ucing property 
Barbital............. sernvenrenseri 75 po + 4 
Pentobarbital ..........0.0000. > 25 iv b+ 
Ree ; 4,000 po + 4 
CHIOFOFOFM oo... ces | Untested 
Meprobamate ooo... ; » 200 po b 4 
DiaZEPAM 0... ’ 5 po 4 
Chliordiazepoxide ............... } 20 po b 4 
OKAZOIAM oo..cccne , 20 po 
Chiorpromazine..............0. 
P@HAPING oo... 


*Dependent on barbital and withdrawn (75 mg/kg x 2 per day po) 


zodiazepines will suppress barbital withdrawal signs (Tables 5, 6; Yana- 
gita, 1973). 


b. Physical Dependence-Producing Experiments 

Physical dependence on a drug can be experimentally developed by 
repeated administration of a test drug to normal animals. The necessary 
administration period ranges from three days to several weeks depending 
on the type of drug, dose size, dose interval, administration route, and 
animal species. Development of physical dependence on a test drug is 
observed through manifestation of withdrawal signs by either terminating 
the drug administration or administering an antagonist to the animals if it 
is available. The major withdrawal signs observable with opioids are 
body weight loss, diarrhea, anorexia, vomiting (except in the rat), hyper- 
irritability, tremor, and muscle rigidity. Death due to dehydration can be 
seen occasionally. The withdrawal signs with sedative-hypnotics are 
characterized by hyperirritability, tremor, body weight loss, anorexia, 
muscle rigidity, convulsions, and a delirium-like state. The degree of 
physical dependence potential is evaluated from the severity of the with- 
drawal signs (Yanagita, 1973). 


2. Physical Dependence Studies in Humaris 

In the past, test methods on opioids similar to both the cross physi- 
cal dependence and physical dependence-producing experiments in ani- 
mals were applied to former opiate dependent subjects, with lower doses 
and shorter administration periods in humans (Fraser ef a/., 1961). As a 
recent trend, however, these tests are rarely conducted unless the physi- 
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cal dependence potential of a drug is predicted to be practically nil or 
very low from animal experiments and confirmation of the animal find- 
ings in humans ts necessitated, 

Useful information on the physical dependence potential of thera- 
peutics can be obtained in clinical trials on the drug such as those of 
phase 3 (multiple clinical trials) or in a practical use as in phase 4 studies 
(post-market surveillance). In the case of opioids, withdrawal signs such 
as yawning, lacrimation, rhinorrhea, perspiration, muscle tremors, pupil 
dilatation, goose flesh, anorexia, hyperpnea, restlessness, insomnia, eleva- 
tion of blood pressure, emesis, diarrhea, and weight loss, and in the case 
of sedative-hypnotics such withdrawal signs as depression, aggravation 
of psychosis, agitation, Insomnia, anorexia, nausea, tremor, grand mal sei- 
zures, and delirium are known to be manifested in those who abused 
heroin, morphine, barbiturates, or alcohol. 


3* Prediction of Abuse Liability 

If a drug fulfills the following criteria its likelihood of abuse may be 
high: 

1) Its pharmacodynamic profile and subjective effects (or discrimina- 
tive stimulus properties) in animals or humans are similar to those of any 
prototypic drug of abuse, or 

2) it is self-administered by animals under either the physically de- 
pendent or non-dependent state or is liked by human subjects, to the 
extent that in reinforcing efficacy it is comparable to the prototypic 
drugs, and 

3) overt signs of the drug effects are observable in the self-adminis- 
tering subjects when the drug is made freely available, and 

4) its properties such as dosage form, stability, solubility, odor, and 
taste as well as its availability are within a range allowing the drug to be 
practically abused. 

It should be noted, however, that a drug that fulfills the above crite- 
ria may not necessarily actually be abused. Interest in the drug and 
knowledge of its effects are also prerequisite. Good examples can be seen 
in the cases of marihuana and organic solvents where, in spite of their 
historic availability, widespread abuse of these substances was scarcely 
known of in developed countries until the 1950's. 


II. Assessment of Ill Effects 


If a drug has a high abuse liability, the drug is likely to be abused, 
and once abused the harm due to abuse may be developed. The ill effects 
due to abuse of a drug can be predicted to some extent by comparing the 
dependence potential and pharmacological and toxicological properties 
of the drug in question with those of the prototypic drugs of abuse. 


A. Relationship between Drug Properties and III Effects 
The harm that is developed as a consequence of abuse is primarily 
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attributable to the pharmacological, toxicological, and dependence-pro- 
ducing properties of a drug including its impurities. Therefore, an analyt- 
ical observation of the relationship between the types of drug properties 
and ill effects will be considered in this section (Figure 3, Yanagita, 
1986). 


Figure 3 
Drug Properties and Harm Due io Abuse 
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Relationship between the drug properties of dependence-producing drugs and 
the ill effects due to their abuse. The dependence characteristics and ill effects 
are somewhat specific to each class of drugs, such as opiates, sedative-hypnotics, 
stimulants, and hallucinogens, and also to each drug within the class. 


1. Psychic Dependence Potential 

Psychic dependence potential is the capacity of a drug to produce a 
state of psychic dependence which is characterized by both compulsive 
drug-seeking and drug-taking behavior in the subject who has experi- 
enced the pharmacological effects of the drug, and/or by the state of ex- 
periencing the effects of the drug. The major pharmacological determi- 
nants of psychic dependence potential are the efficacy of a drug to rein- 
force the drug-seeking and drug-taking behaviors, and the subjective e¢f- 
fects of the drug which are the target of its abuse. The psychic depend- 
ence potential is an essential pharmacological property of a drug consti- 
tuting its abuse liability and resulting in compulsive drug-seeking and re- 
peated or spree use of drugs. The compulsive drug-seeking leads to anti- 
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social behavior including crime involved in obtaining the drug, and 
demand for a drug results in development of illicit production and traf: 
ficking. Once a drug is abused many other pharmacological and toxico- 
logical properties as listed below become relevant to various kinds of ill 
effects. 


2. Central Nervous System Effects 

The pharmacological effects of drugs, particularly the central nerv- 
ous system effects including psychotoxic effects, are closely related to 
the ill effects of abuse because unusual mental states and antisocial be- 
havior including tendencies to criminal and dangerous behavior may be 
developed due to the pharmacological effects of drugs. 


3. Tolerance and Physical Dependence Potential 

The repeated use of a certain class of drugs such as opiates or barbi- 
turates results in development of tolerance and physical dependence. The 
development of tolerance may lead to an increase in the abused dose 
which may result in exaggeration of toxic responses to the drug. When a 
drug has iclatively potent acute lethal effects, and tolerance has been 
rapidly lost because of a short-term withdrawal, reuse at the previo.s 
dose frequently results in sudden death, which is one of the serious 
public health problems in the abuse of the opiates and some other drugs. 

Physical dependence is also relevant to the ill effects if the with- 
drawal manifestation is physically or psychically hazardous. Sometimes 
the manifestation may be life-threatening due to such causes as homeo- 
static failure and/or convulsions. These ill effects are primarily part of 
the health problem, but psychotic withdrawal manifestation may also 
relate to social problems vecause of development of antisocial or danger- 
ous behavior. 


4. Acute Toxicity and Organ Toxicity 

Acute toxicity and organ toxicity of drugs often become the cause 
of death and/or health injury. For example, respiratory or cardiac failure 
or convulsions may occur due to the acute toxic effects of opiates, barbi- 
turates, stimulants, or some hallucinogens, and frequently these become 
the cause of sudden death. Some drugs such as barbiturates and alcohol 
are known to produce hepatic damage due to their chronic toxicities. 
Thus, abuse of these drugs produces serious public health problems. 


B. Prediction of Il! Effects 

The ill effects that are likely to be developed as a consequence of 
abuse can be categorized as public health problems and social problems. 
As public health problems, such medical problems as injury and death 
due to intoxication, mental disorders, and/or organ damage occur. Anti- 
social behavior including crime due to the drug-seeking behavior and 
pharmacological effects of drugs is the primary social problem which in- 
duces other social problems such as illicit production and illicit traffick- 
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ing of drugs. The public health problems are primarily attributable to in- 
dividual ill effects of a drug, and the social problems are attributable to 
social ill effects. 


1. Individuel Ill Effects 

The most important determinant for the ill effects includes the route 
of administration and dose involved in abuse. These can be roughly pre- 
dicted from the self-administration data mostly available in animals and 
to some extent in humans. Once these factors are estimated, it is not so 
difficult to predict the possible individual ill effects, physical, psychic, 
and behavorial, from pharmacological, psychopharmacological, and toxi- 
cological data. If a drug is known to produce opiate or barbiturate-like 
severe withdrawal signs, serious physical or psychic ill states may be de- 
veloped during the withdrawal following heavy use of the drug. Sudden 
death attributable to the acute toxicity of a drug is likely to occur in its 
abuse if the drug has high potentials in tolerance development and lethal 
effects. 


2. Social Ill Effects 

As in the case of individual ill effects, the route of administration 
and dose are essential determinants for prediction of social ill effects. In 
addition to possible development of antisocial behavior due to the direct 
drug effects and also to the psychotoxic manifestation during withdraw- 
al, persistent drug-seeking behavior due to strong psychic dependence on 
the drug may also result in certain types of antisocial behavior subse- 
quently leading to illicit production and/or trafficking of the drug. In 
this sense assessment of the psychic dependence potential of a drug is ex- 
tremely important, as is the psychotoxicity of the drug at self-adminis- 
tered dose regimens. 
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Public Health Risks Resulting from 
Processing Impurities in Clandestine 
Drugs 


Michael Klein, Ph.D. 


Introduction 


Pharmacological and toxicological data on many of the impurities in 
illicit clandestinely manufactured drugs is limited or nonexistent. Much 
of the toxicological data that is currently available in the literature re- 
lates to prototypes of the chemical class and not to the individual chemi- 
cal entity which has been found in the illicit drug sample. Therefore, 
only likely effects of the impurities are known and these are only projec- 
tions Owing to similarities in their chemical structures to those of related 
standard compounds. Additionally, only a few laboratories around the 
world are actively engaged in elucidating the molecular structures of 
these impurities in illicit drugs—and perhaps even fewer that are study- 
ing the adverse effects that they may cause. Therefore, the term, “public 
health risk potential’, is probably more appropriate when applied to 
these substances than “public health risk.”” The following represents an 
overview highlighting some of the current literature in this area. 


Characteristics of Impurities 


As a chemical reaction proceeds, various impurities are formed 
which accumulate because of the lack of quality control in illicit manu- 
facture and are present in the finished drug product. These include reac- 
tants, by-products, intermediates and contaminants within reagents. The 
impurities may provide significant clues towards the characterization of a 
manufacturing process. Research on the identification of low level impu- 
rities in illicit drugs, often performed by forensic laboratories, has been 
used to develop “chemical signatures” for illicit drugs (Lambrechts, et 
al., 1984, 1986; Stromberg, et a/., 1975; 1983). The purpose of signatures 
is to provide useful intelligence data related to the clandestinely pro- 
duced drug. The chemical signature provided by these impurities may be 
used for direct comparison of illicit drug samples, i.e., to try to link dif- 
ferent samples to a common origin. Additionally, the chemical signature 
(or the impurities present) is sometimes useful in determining the method 
of synthesis of the clandestine drug or for comparing samples of drugs 
seized from different locations. 
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Figure 1 
Origin of Impurities in lilicit Drugs 
(Stromberg and Maehly, 1979). 
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The simplified schematic in Figure 1 (Stromberg and Maehley, 1979) 
shows the origins of potential impurities in illicit drugs. Impurities are 
shown arising from laboratory equipment; there are contributions from 
the starting materials and impurities in the precursors and essential 
chemicals; there are contributions from side reactions, as well as from in- 
termediate products in multi-step reaction schemes. The impurities 
formed in side reactions are the ones which can be useful in determining 
the method(s) of synthesis. Impurities resulting from handling and pack- 
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aging procedures and the addition of diluents, on the other hand, are de- 
rived from subsequent treatments of the raw product in the clandestine 
labor:tory. Other factors which can produce impurities in the drug are 
related to the conditions under which the illicit drug may be stored. 
Conditions such as temperature, humidity, and time may effect the nature 
of the impurities present in the drug product. Table | lists impurities 
found in illicit heroin samples that result from the reaction of acetic an- 
hydride with morphine which contains impurities many of which are nat- 
urally-occurring in Opium as well as those which may result from oxida- 
tion of morphine, that is, morphine N-oxide (Klein, 1977). 

The diluents and adulterants used in illicit drug preparations repre- 
sent a variety of chemical and pharmacological classes (Nair et al., 
1986). These include central nervous system stimulants as well as depres- 
sants. Some diluents and adulterants which have been used with illicit 
drugs are sugars, caffeine, antipyrine (phenazone), ascorbic acid, ephed- 


Table 1 
Some heroin manufacturing impurities 
(Moore et a/, 1986; Allen et a/ 1984; Klein, 1977) 


1. Meconin 18. N-acetyInorlaudanosine 

2. Hydrocotarnine 19. Papaveraldine 

3. 3,6-dimethoxy-4,5-epoxyphenan- 20. Desthebaine 
threne 21. 4,8-diacetoxy-3-methoxy-8- 

4. Thebaol [2-(N-methylacetamido)]- 

5. O4-acetylthebaol ethyiphenanthrene 

6. 4,6-diacetoxy-3-methoxyphenan- 22. Narcotine 
threne 23. 4-acetoxy-3,6-dimethoxy-8- 

7. (E)-3-[2-(2-N-methyl- [2-(N-methylacetamido)]- 
acetamido)ethyl)-4,5- ethylphenanthrene 
methylenedioxy-6-methoxy- 24. N-aceiyinornarcotine 
phenyl] acrylic acid 25. 4,6-diacetoxy-3-methoxy-8- 

8. Papaverine [2-(N-methylacete.mido)]- 

9. OF N-diacetyl-a-norcodimethine ethyiphenanthrene 

10. O&,N-diacetyl-a-normorphimethine 26. (E)-N-acetylanhydronornarceine 

11. O&,N-diacetylnorcodeine 27. (1R,9S)-1-acetoxy-N-acetyl- 

12. N-acetyinormorphine 1 ,9-dihydroanhydronornarceine 

13. 03,08,N-triacetyl-a- 28. (Z)-N-acetylanhydronornarceine 
normorphimethine 29. (1R,9R)-1-acetoxy-N-acetyl- 

14. O& N-diacetylnormorphine 1 ,9-dihydroanhydronornarceine 

15. 4-acetoxy-3,6-dimethoxy-5- 30. O%-monoacetylmorphine 
[2-(N-methylacetamido) Jethyl- 31. O’-monoacetylmorphine 
phenanthrene 32. 4 acetoxy-3,6-dimethoxy- 

16. O3,08-N-triacetylnormorphine phenanthrene 

17. 4,6-diacetoxy-3-methoxy-5- 33. N,O&diacetyinorcodeine 
[2-(N-methylacetamido)]}- 
ethylphenar.threne 
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rine, barbituric acid derivatives, lidocaine, and procaine. Since these sub- 
stances have extensively different pharmacologic activities, a review of 
their potential public health risks is outside the scope of this paper and is 
not included herein. 

The present discussion focuses on those impurities in illicit drugs 
that are formed in the drug's manufacturing process and not those sub- 
stances added to the drug product, These impurities attributed to the an- 
ticipated lack of quality control in the illicit laboratories are shown in 
Figure 1. An additional potential problem may result from the organic 
solvents used in processing illicit cocaine from the coca leaf (Boon, 
1987). The solvents are used in extraction of cocaine from the leaf and in 
converting the base form to cocaine hydrochloride; they include toluene, 
acetone, ethyl ether and other organic chemicals. Trace amounts of these 
substances are trapped in the cocaine and are present along with other 
naturally-occurring alkaloids (Figure 2). 

A considerable amount of the current concern about impurities in 
clandestinely produced drugs results from the notoriety gained by the 
impurity, N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), formed 
in the synthesis of the reversed ester analogue of meperidine (pethidine) 


Figure 2 
Some yy te ey Alkaloids 
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—|-methyl-4-phenyl-4-propionoxypiperidine (MPPP) (Figure 3), MPTP, 
a fairly simple molecule, has been found to be responsible for producing 
irreversible parkinsonism in those individuals who have taken MPTP- 
contaminated MPPP as a heroin substitute. Extensive and detailed de- 
scriptions of MPTP have been covered elsewhere by Dr. R. Stanley 
Burns (1987) and others. (Davis, e¢ a/, 1979; Fellman and Nutt, 1985; 
Langston, ef a/, 1983 and 1984; Lieberman, 1987, Wright, et al, 1984; 
Shih and Markey, 1986; and Williams, 1984). 


Figure 3 
Synthesis of MPPP and MPTP 
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Methamphetamine and Amphetamine 


A major focus of research on processing impurities of illicit drugs 
has been related to the development of chemical signatures (Stromberg, 
1975, 1983). Many of the impurities in methamphetamine and ampheta- 
mine samples have been useful in determining methods of their syntheses 
(Van der Ark et ai., 1978; Sinnema and Verweij, 1981). Some of the im- 
purities which have been isolated from illicit methamphetamine samples 
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(that originate within the United States) contain the precursors methyla- 
mine, formic acid, N-methylformamide and phenylacetone (Lomonte e/ 
al., 1976; Barron et a/,, 1974; Kram and Kruegel, 1976; Kram, 1979), It is 
reasonable to expect that all precursors to some extent would be present 
in the illicit drug. On occasion, demand for precursors themselves are the 
products of clandestine manufacture, Therefore, the toxicity of precur- 
sors of precursor chemicals may be an important consideration, For ex- 
ample, the toxicity of benzyl chloride has been documented (Abdel- 
Rahman e/ a/., 1986) and benzyl chloride has been shown to be used as a 
precursor of benzyl cyanide which in turn is converted to phenylacetic 
acid which in turn is converted to phenylacetone to manufacture meth- 
amphetamine in clandestine laboratories (Unpublished data). 

The presence of amphetamine and N,N-dimetiiylamphetamine in the 
methamphetamine sample stems from the presence of ammonia and di- 
methylamine, respectively, impurities in the precursor chemical, methyla- 
mine (Kram and Kruegel, 1976) (See Figure 4), N-Formylmethampheta- 
mine is an intermediate in the synthesis which is specific to the Leuckart 
reaction. The presence of N-formylamphetamine results from the impuri- 
ty of ammonia in methylamine, analogous to the formation of ampheta- 
mine. The remaining substances in Figure 4 result from further reaction 
of the intermediate product with additional phenylacetone. The basic 
Leuckart reaction, giving rise to these impurities and others, including 
alpha-benzylphenethylamine in amphetamine and alpha-benzyl-N-methyl- 
phenethylamine in methamphetamine, is shown in Figure 5. The reaction 
takes place in two steps: first reaction of phenylacetone with N-methyl 
formamide, or formic acid with methylamine, gives the intermediate, N- 
formylmethamphetamine. Secondly, N-formylmethamphetamine is react- 
ed with acid to obtain methamphetamine. This reaction is nonstereospeci- 
fic and a chiral center at the reactive carbon atom is introduced. There- 
fore, the racemate of dl- or RS-methamphetamine is formed. The origin 
of alpha-benzyl-N-methylphenethylamine in methamphetamine stems 
from the synthesis of phenylacetone from phenylacetic acid. Preparation 
of phenylacetone from phenylacetic acid gives dibenzyl ketone which if 
not removed (and often it is not), upon its reaction in the Leuckart proc- 
ess gives alpha-benzyl-N-methylphenethylamine. The analogous by-prod- 
uct, alpha-benzylphenethylamine, has also been found in illicit ampheta- 
mine which has been produced by the Leuckart method. 

Relative toxicity of the amphetamines and corresponding alpha-ben- 
zylphenethylamines were compared by determining the LD-50's (Lethal 
Dose-50) and the CD-50’s (Convulsive Dose-50) in mice for each of the 
four compounds (Noggle ef a/., 1985). Mortality was determined after 
twenty-four hours for the LD-50 measurement and convulsions were de- 
fined as a mixture of tonic-clonic type seizures of at least three to five 
seconds in the CD-50O study. Data for amphetamine and methamphet- 
amine were determined using enantiomeric pairs. Both alpha-benzyl com- 
pounds exhibited lower LD-50’s than did dl-amphetamine. In these stud- 
ies, it was noted that the animals treated with the alpha-benzyl com- 
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Figure 4 


Some Methamphetamine Impurities 
(Kruegel et a/., 1976) 


1, Methylamine CH, NH, 
2. Formic acid HCOOH 


3, N-Methylformamide CH, NHCHO 
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6. N, N-Dimethylamphetamine (C)- ch,-cH-ch, 
N(CH.), 


7. N-Formylamphetamine C)- ch, GH-ch, 


NHCHO 
8. N-Formylmethamphetamine C)- ch,-cH-ch, 
N(CH, )CHO 
9. Dibenzy! ketone ©)- ck,»,c0 
10. 1, 3-Diphenyl-2-methylaminopropane (C)- ch,,CHNHCH, 
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CH, 


13. Di-(a-methylphenethy!)-methylamine (C))— ch,-gH),NOH, 
CH, 


pounds exhibited very different nonlethal symptoms compared with ani- 
mals given the corresponding amphetamines. In doses well below the 
LD-S50, animals treated with the alpha-benzyl compounds experienced 
convulsions characterized by clonic and tonic seizures. 

The CD-S50 for an alpha-benzylphenethylamine is significantly lower 
than its corresponding LD-50. In contrast, the CD-50 for amphetamine 
is essentially equivalent to its 1.D-50. This indicates that the alpha-benzy| 
compounds caused greater central nervous system stimulation at the 
brain stem and spinal cord, as noted by tonic and clonic seizures (Noggle 
et al., 1985). The convulsions are seen with the primary cortical stimu- 
lants, amphetamine and methamphetamine, only at doses which are at or 
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Synthesis of Methamphetamine and 
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From Phenylacetic Acid 
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near their LD-50O’s. A more recent study suggests that alpha-benzyl-N- 
methylphenethylamine may cause an acute release of serotonin, as evi- 
denced by development of symptomalogy of a serotonergic syndrome in 
rats (Cadet er a/., 1988). The authors propose further studies in order to 
determine whether there is any correlation between observed behaviors 
and biochemical changes in the brain. 

Another group of impurities identified in illicit amphetamine samples 
are the pyrimidine and pyridine derivatives shown in Figure 6 (Van der 
Ark et al, 1978; Lambrechts et a/, 1984, 1986; Lambrechts and Rasmus- 
sen, 1984; Sanger ef a/., 1985). Relevant biological activity on these sub- 
stances is not available. The pyrimidines are formed by condensation of 
N-formylamphetamine (the intermediate formed in the Leuckart reac- 
tion) with an additional molecule of formamide, followed by cyclization 
and aromatization. The other substances in Figure 6, which include for 
example, four pyridines and one pyridone, result from condensation of 
two molecules of the precursor phenylacetone with one molecule of 
formamide. 

Another type of toxic response from illicitly manufactured drugs is 
acute lead poisoning reported in two users of illicit methamphetamine 
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Figure 6 


Weakly Basic Synthetic Contaminants 
Present in Amphetamine Synthesized 
Using the Leuckart Procedure 


sS 


2" 


(Alcott, et a/; 1987). Lead poisoning is generally an uncommon medical 
condition in adults which is usually industrial in origin. Intoxication from 
a single exposure is uncommon. Methamphetamine that was illicitly man- 
ufactured and injected was shown to be contaminated with lead (889 
parts per million). The source of the lead was attributed to the reaction 
of lead acetate and phenylacetic acid to form the precursor, phenylace- 
tone, as shown in Figure 7, which upon subsequent reaction with meth- 
ylamine yields methamphetamine containing lead. Only seven cases of 
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Figure 7 
Acute Lead Poisoning in Two Users 
of Illicit Methamphetamine 
(Ref.: Alcott ef a/., 1987) 
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Synthesis of Methamphetamine 
From Ephedrine 


CH, * 
Thiony| Au. 
( \. ‘a2. + Chloride —_—__}>> ( \. 1 H NHCH, 
H | 


(1S, 2R) - Ephedrine OR 
(1R, 2R) - Pseudoephedrine 


dy, 
( \-on H-NHOH, 


(R) -Methamphetamine 


Figure 9 


Two Impurities in 
Methamphetamine Produced 


From Ephedrine 
CH, 
| 
N 
i CH, 
| CH; 
Chloropseudoephedrine 1, 2-Dimethy!-3-Phenylaziridine 


184 


acute lead poisoning from intravenous exposure have been reported and 
these cases resulted from the intravenous injection of lead acetate-opium 
tablets dissolved in water. Early in 1987, a report of lead intoxication re- 
sulting from contaminated heroin was reported, although the source of 
the lead was not determined. (Parras ef a/., 1987). 

Another process commonly used for the illicit manufacture of meth- 
amphetamine in the United States and elsewhere involves ephedrine or 
pseudoephedrine as precursors. Most methods for methamphetamine syn- 
thesis involve the formation of a carbon-nitrogen bond and production of 
a racemic mixture, that is, equimolar amounts of the more potent S (dex- 
trorotatory) isomer and the less potent R (levorotatory) isomer. The 
methamphetamine produced from the respective precursors, ephedrine or 
pseudoephedrine, would be expected to possess the same absolute config- 
uration at the C-2 position since that position does not undergo any 
chemical reaction (Figure 8). A single enantiomer is obtained from each 
precursor. The resultant product of this procedure, that is, the S enan- 
tiomer of methamphetamine from (—)-ephedrine is a more potent stimu- 
lant than the racemic product derived from the reaction of phenylace- 
tone and methylamine (the Leuckart reaction) (Noggle et a/; 1986). Also, 
two additional impurities have been reported in clandestine methamphet- 
amine which is formed by this process. Shown in Figure 9, one is the 
intermediate chloropseudoephedrine and the other is 1,2-dimethyl-3- 
phenylaziridine, formed by loss of the chlorine and by internal cycliza- 
tion (Allen and Kiser, 1987). Although no pharmacologic data on the 
latter substance is available, the parent compound, aziridine, is consid- 
ered extremely toxic, producing tissue necrosis, respiratory tract irrita- 
tion and inflammation and a variety of blood disorders (Gosselin et ai, 
1984). 


Phencyclidine 

The synthesis of phencyclidine (PCP) from piperidine, cyclohexan- 
one and potassium cyanide, giving rise to the intermediate, 1|-piperidino- 
cyclohexanecarbonitrile (PCC), is described in Dr. Scaplehorn’s paper 
and is shown in Figure 10 (Shulgin and MacLean, 1976; Soine, 1986). 
The precursors, piperidine and cyclohexanone, are relatively harmless 
solvents, especially relative to PCP itself (Gosselin et a/., 1984). Howev- 
er, the intermediate PCC has been described as even more toxic than 
PCP; PCC decomposes in physiologic saline giving rise to hydrocyanic 
acid (HCN) (Soine et a/., 1979, 1980). Additionally, when PCC is burned 
(that is, smoked in PCP-impregnated marijuana cigarettes), approximate- 
ly 58 percent of the PCC breaks down to form cyanide and organic by- 
products; approximately 40 percent of the PCC remains intact with 
smoke (Lue et a/., 1988). The extent of occurrence of PCC in illicit PCP 
has been reported by several authors (Bailey ef ai, 1976; Baker, 1982; 
Ballinger and Marshman, 1979; Cone et al, 1980; Davis et ail., 1980; 
Dulik and Soine, 1981, Helisten and Shulgin, 1976; Soine et a/., 1980). In 
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Figure 10 
Synthesis of Phencyclidine (PCP) 


Cyclohexanone Piperidine 1-Piperidinocyclohexane- 


carbonitrile (PCC) 


«Qe OF 


Phenylmagnesium 
bromide 


one laboratory, PCC was found in approximately twenty percent of the 
PCP samples examined (Ballinger and Marshman, 1979). 

The quantity of PCC (as the hydrochloride salt) present in a dosage 
unit of PCP ranged from 0.01 to 0.28 milligram. The median quantity of 
PCP hydrochloride in tablets was 3.9 milligrams (range: 1.0 to 29.4 milli- 
grams) and in capsules 3.1 milligrams (range: 0.001 to 142 milligrams). 
Another study on the contamination of illicit PCP with PCC revealed 
that one-third of seized powders, tablets, and green plant material con- 
taining PCP also contained the synthetic contaminant PCC (Soine e7 a/., 
1980). The mole percent of PCC to PCP ranged from one to sixty-eight 
percent. As PCC is considered unstable, decomposing to HCN, piperi- 
dine and cyclohexanone, its analysis is difficult and its presence therefore 
may actually be greater than what is measured (Baker, 1982). 

Analogues of PCP (1-(l-phenylcyclohexyl) pyrrolidine (PCPy) and 
1-(1-phenylcyclohexyl)morpholine (PCM)) and analogous carbonitrile 
precursors (1-pyrrolidinocyclohexanecarbonitrile (PyCC) and 1|-morpho- 
linocyclohexanecarbonitrile (MCC)) were made and compared to PCP 
and PCC (Cone et al., 1980). Acute lethal dose determinations of carbon- 
itrile precursors and the respective phenylcyclohexyl derivatives of pi- 
peridine (PCP), pyrrolidine (PCPy) and morpholine (PCM) were con- 
ducted in mice. The LD-50’s of the carbonitrile precursors, PCC, PyCC 
and MCC, ranged from 155 to 193 micromoles per kilogram, whereas 
those for PCP, PCPy and PCM were somewhat higher and ranged from 
206 to 1,520 micromoles per kilogram. 
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Figure 11 


The Chemical Structures 
of Three Phencyclidine Co-Synthetics 
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Toxicities for the precursors were almost equivalent—with MCC 
differing slightly from the other two precursors: 193 micromole/kg 
(MCC), 155 micromole/kg (PCC), and 162 micromole/kg (PyCC). How- 
ever, within the final drug products there were significant differences in 
toxicity, with the low toxicity of PCM being particularly apparent (1,520 
micromole/kg versus 283 micromole/kg for PCP and 206 micromole/kg 
for PCPy). Each carbonitrile precursor was more toxic in the mouse 
than was its corresponding parent phenylcyclohexyl compound. Thus, 
the contamination of illicit street samples by the more toxic carbonitrile 
precursor could increase the probability of an adverse reaction or a fatal 
overdose. The possibility of toxic synergism upon human exposure to 
PCC-contaminated street PCP was proposed. 

The effects of three other by-products of PCP manufacture were 
studied to determine if they have pharmacological effects similar to PCP 
(Leander et al, 1981). The substances, shown in Figure 11, are 1-[1-(4- 
biphenylyl)-cyclohexyl]-piperidine  (biphenyl-PCP), 1 ,4-bis(1-cyclo- 
hexylpiperidine)benzene (bis-PCP), and _ [1-phenyl-1-(1-piperidino) }- 
ethane (ethyl-PCP). The substances exhibited different pharmacological 
effects than PCP, based upon response and discrimination studies in 
birds. Biphenyl-PCP was not PCP-like; additionally, with doses up to 
1,000 mg/kg no toxicity or PCP like effects were observed. Ethyl-PCP 
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at moderate to moderately high doses did not effect behavior, although 
the 500 mg/kg dose killed 80 percent of the subjects without exhibiting 
any PCP-like effects. The bis-PCP was the most toxic, killing pigeons at 
20-40 mg/kg and quail at doses as low as 80 mg/kg. Some surviving 
birds exhibited behavioral abnormalities for at least 48 hours. The toxic 
effects of the bis-PCP may be additive with (or potentiated by) pure 
PCP. 


Methaqualone 

The synthesis of methaqualone from anthranilic acid (ortho-aminobenzoic 
acid), acetic anhydride, N-acetylanthranilic acid (ortho-acetamidobenzoic acid), 
ortho-ioluidine (ortho-methylaniline), and catalysts is shown in Figure 12 (Soine, 
1986; Ozaki et al; 1985). The methaqualone analogue, mecloqualone, arising 
from substitution of ortho-toluidine by ortho-chloroaniline is indicated as well. 
Figure 13 shows some of the impurities which have been found in clandestinely 
synthesized methaqualone (Angelos and Meyers, 1985). These include three 
precursors—anthranilic acid, N-acetylanthranilic acid and ortho-toluidine. Ortho- 
methylacetanilide results from acetylation of ortho-toluidine and 2-methyl-3-o- 
carboxyphenyl-4(3H)-quinazolinone results from the reaction of two molecules 
of N-acetylanthranilic acid. The major known problem resulting from metha- 
qualone impurities involves ortho-toluidine which has been found to cause cancer 
of the bladder in several test animals. Additionally, ortho-toluidine has been 
reported to precipitate necrotizing cystitis—urinary bleeding with severe inflam- 
mation and ulceration throughout the bladder (Goldfarb and Finelli, 1974). 


Figure 12 


Synthesis of Methaqualone (R=CH,) 
and Mecloqualone (R=Cl) 
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Figure 13 
Methaquaione Impurities 
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Summary 


As a chemical reaction proceeds, various impurities accumulate. 
These are: reactants, by-products, intermediates and contaminants within 
reagents. Specific impurities described were formic acid, alpha-benzyl- 
phenethylamines, N-formylamphetamine, pyrimidines, and pyridines in 
the amphetamines, enantiomerically pure and racemic methamphetamine; 
lead-contaminated methamphetamine and heroin; chloropseudoephedrine 
and 1,2-dimethyl-3-phenyl-aziridine in methamphetamine; the cycloalkyl- 
carbonitrile intermediates in phencyclidine (PCP), the pyrrolidine ana- 
logue of PCP, and the morpholine analogue of PCP; Ortho-toluidine, an- 
thranilic acid, N-acetylanthranilic acid, ortho-methylacetanilide and 2- 
methyl-3-O-carboxyhenyl-4(3H)-quinazolinone in methaqualone; process- 
ing solvents in cocaine, and numerous acetylation products of opiate 
alkaloids present in illicit heroin. 

Only a limited amount of pharmacological or toxicological data 
exists for many of the impurities in these drugs. Much of the toxicologi- 


189 


cal data that is currently available in the literature relates to prototypes 
of a chemical class and not to the specific entity found in the drug 
sample. Taking into consideration the possible presence of impurities in 
illicit drugs and their pharmacological and toxicological profiles, im- 
proved treatment of the drug abuser may be possible. 
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The Methylenedioxy Amphetamines: 
Pharmacological, Behavioral and 
Neurotoxic Effects 


Kevin T, Finnegan, M.D., Ph.D., and Charles R. Schuster, Ph.D. 


Introduction 


The phenylisopropylamines form a large and well-studied class of 
compounds, Structurally, the members of this class resemble the catecho- 
laminergic neurotransmitters, dopamine and norepinephrine. It should 
come as no surprise then that a number of the agents belonging to this 
group are capable of exerting profound effects on central nervous system 
(CNS) function in both man and animals. 

The biochemical and behavioral effects of the prototypical phenyli- 
sopropylamines, amphetamine and its N-methyl! derivative, methamphet- 
amine, have been the subject of considerable research attention. Both 
compounds are potent central and peripheral indirect-acting sympathomi- 
metic agents, and the ability of these compounds to augment activity, 
brighten mood, enhance alertness, and decrease fatigue have been well 
described (Gunne, 1977). As a consequence of these properties, the last 
three decades have seen the development of several large-scale epidemics 
of amphetamine and related analogue abuse in the United States, 
Sweden, and Japan (Griffith, 1966; Jonsson and Gunne, 1970; Buening 
and Gibb, 1974). 

Prompted by the appearance of these epicemics, investigators during 
the last 10 years have turned their attention to assessing the long-term 
neurochemical and behavioral effects of the amphetamines in experimen- 
tal animals. An important observation arising from these efforts was the 
finding that the multiple dose administration of methamphetamine causes 
a persistent depletion of dopamine and serotonin in several regions of 
animal brain (Seiden et a/., 1975; Finnegan ef a/., 1982; Wagner er ai., 
1980). In rodents, the depletion of dopamine appeared to be related to 
the ability of methamphetamine to cause nerve terminal degeneration 
(Ricaurte et a/., 1982). Despite the presence of this neurochemical deficit, 
overt behavior in methamphetamine-treated primates appeared to be en- 
tirely normal when tested several weeks after completion of the repeated 
dosing regimen (Fischman and Schuster, 1977; Finnegan et a/., 1982), 
perhaps reflecting the operation of compensatory mechanisms. While 
methamphetamine-treated animals displayed no overt behavioral disturb- 
ance, however, they clearly showed an altered sensitivity to various 
drugs thought to exert their effects through central dopaminergic sys- 
tems (Finnegan ef a/., 1982; Lucot er a/., 1980). 
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The long-term neurochemical and behavioral consequences resulting 
from chronic amphetamine administration have recently been reviewed 
(Seiden and Ricaurte, 1987). We will therefore focus on more recent re- 
search concerning the behavioral, pharmacological, and neurotoxic ef- 
fects of several popularly abused ring-substituted amphetamines, specifi- 
cally the methylenedioxy analogues. 


The Methylenedioxy Ring-Substituted Amphetamines 


Background 

The phenethylamine structure permits a great number of substitu- 
tions, with about 2,000 derivatives having been synthesized and charac- 
terized (Richards, 1972). Approximately 30 of these analogues have been 
evaluated in humans (Shulgin, 1970). Several have found their way into 
the illicit drug market, where they have become known on the street as 
MDA (3,4-methylenedioxyamphetamine), MDMA (3,4-methylenedioxy- 
methamphetamine), MMDA  (3-methoxy-4,5-methylenediox yampheta- 
mine), DOM (4-methyl-2,5-dimethoxyamphetamine), and DOB (4-bromo- 
2,5-dimethoxyamphetamine). The abuse of MDA and MDMA, in par- 
ticular, has become widespread. MDMA is currently one of the most 
popularly abused drugs in the United States (Beck, 1986; Adler e7 a/., 
1985). Recently, a third analogue in this series, MDE (3,4-methylenedioxy- 
ethylamphetamine), has been identified in street samples of confiscated 
material (Vallejo, personal communication). A concerted effort to ex- 
plore the properties and actions of the methylenedioxyamphetamines has 
only recently been undertaken, and much remains to be learned. Al- 
though incomplete, the available evidence indicates that MDA, MDMA, 
and MDE exert similar psychotropic effects in man and animals. Hence, 
these three agents will be discussed together as a class. Differences be- 
tween the three compounds will be pointed out where data is available. 

MDA and MDMA were actually synthesized in the early part of 
this century (Mannich and Jacobsohn, 1910). Patented in the early 1960's 
as anorectic agents, the drugs were never marketed due to their marked 
psychoactive properties. MDA became popular as a drug of abuse during 
the 1960's (Ratcliffe, 1974). With the classification of MDA as a Sched- 
ule I compound under the U.S. Controlled Substances Act in 1970, 
MDMA surfaced on the illicit drug market during the 1970's as an un- 
scheduled substitute. Because of the increased illicit use of MDMA, and 
the lack of detailed laboratory studies, the U.S. Drug Enforcement Ad- 
ministration classified MDMA in 1985 as a Schedule I compound. Legis- 
lation regarding the classification of MDE, the newest “designer drug” 
in this series, is pending (Sapienza, personal communication). Although 
both MDA and MDMA have been advocated as therapeutic adjuncts to 
psychotherapy (Ratcliffe, 1974; Grinspoon and Bakalar, 1986), no con- 
trolled trials to document and investigate their clinical effects have yet 
been reported. MDMA is said to be safe by psychotherapists and users 
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(Baum, 1985; Gehlert ef a/,, 1985), but recently the compound has been 
implicated as a cause of death in 5 individuals (Dowling er a/., 1987), Ex- 
perience with MDE is as yet limited, but anecdotal reports suggest that 
this analogue possesses an abuse liability similar to that of MDMA (Sa- 
pienza, personal communication). 


Behavioral Effects 

The substitution of the methylenedioxy function on the ring of am- 
phetamine or methamphetamine converts the parent compounds, which 
are potent CNS stimulants, into agents that possess psychedelic proper- 
ties as well. Subjectively, users of MDA report an intensification of feel- 
ings, increased self-insight, and aesthetic enjoyment (Shulgin, 1978). It is 
said that individuals under the influence of this drug tend to focus on the 
nature of interpersonal relationships, and display an overwhelming desire 
to be with and talk to other people (Ratcliffe, 1974). The MDA experi- 
ence is usually devoid of hallucinations, perceptual distortions, or closed- 
eye imagery, a'l of which are common reactions to LSD, mescaline, or 
psilocybin. In keeping with the close structural similarity of MDA to 
amphetamine, the subjective effects in humans are also characterized by 
a stimulatory component (Yensen ef a/., 1976). 

Similar to MDA, the intoxication induced by MDMA is reportedly 
characterized by euphoria, increased sensory awareness, and mild central 
stimulation (Adler et a/., 1985). Different from MDA, MDMA has a 
shorter duration of action and less hallucinogenic character (Anderson ef 
al., 1978; Shulgin and Nichols, 1978). The analogue MDE has only re- 
cently been identified in samples of confiscated drug, and information re- 
garding its psychopharmacological effects is scanty. The drug is reported 
to induce a subjective state similar to MDA or MDMA, but its effects 
occur more rapidly following ingestion and are shorter-lived (Shulgin, 
1978). 

Evidence derived from behavioral investigations in animals suggests 
that MDA and MDMA produce both hallucinogenic and amphetamine- 
like effects. The administration of MDA and MDMA to pigeons (Evans 
and Johanson, 1986) or monkeys (Kamien ef a/., 1986) trained to dis- 
criminate amphetamine from saline results in responding on the ampheta- 
mine appropriate lever. Glennon and Young (1984) demonstrated that in 
rats trained to discriminate MDA from saline, certain doses of either am- 
phetamine or the hallucinogenic ring-substituted amphetamine, DOM, 
produce MDA appropriate responding. In animals trained to discriminate 
DOM from saline, stimulus generalization occurs upon administration of 
MDA (Glennon ef a/., 1982), but not amphetamine (Silverman and Ho, 
1980). Therefore, MDA appears to produce discriminative cues in rats 
that are similar to those induced by either amphetamine or the hallucino- 
gen, DOM. Interestingly, further work demonstrated that MDMA did 
not substitute for DOM in DOM-trained rats (Glennon, 1986), suggesting 
that the discriminative cues induced by MDMA may more closely re- 
semble those of amphetamine than DOM. 
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Drug discrimination paradigms, such as those employed above, pro- 
vide a way of modeling the human drug experience in animals (Woolver- 
ton and Schuster, 1983). Given the known abuse liability of ampheta- 
mine, the observation that amphetamine and the methylenedioxy-substi- 
tuted analogues share, at least in part, similar stimulus properties has 
raised concerns about the abuse liability of the latter compounds. Recent- 
ly, drug self-administration studies in primates have provided more direct 
evidence regarding the abuse liability of MDA and MDMA (Griffiths e7 
al, 1979; Beardsley er al, 1986; Lamb and Griffiths, 1987). Monkeys 
trained to lever press for intravenous injections of cocaine continue to 
respond at rates significantly elevated above saline baseline when 
MDMA or MDA were substituted. Since drugs, abused by humans, are 
usually intravenously self-administered by primates (Johanson and Bal- 
ster, 1978), these studies suggest that the methylenedioxy-substituted am- 
phetamines may indeed possess significant potential for abuse. 


Pharmacological Effects 

Amphetamine analogues are known to produce a diversity of behav- 
ioral effects in animal models. In many cases, the various behavioral 
components or responses resemble those induced by amphetamine itself 
or, as in the case of the amphetamine analogue DOM, the hallucinogenic 
agent LSD. The central stimulant action of amphetamine appears related 
to the ability of this compound to release presynaptic stores of dopamine 
and norepinephrine, block their reuptake, and at high concentrations to 
inhibit the degradative enzyme, monoamine oxidase (Moore, 1978). The 
psychotropic actions of LSD, DOM, and other hallucinogens on the 
other hand, appear to depend on the ability of these compounds to inter- 
act with central serotonergic systems (Aghajanian, 1984). As discussed 
above, the behavioral evidence suggests that MDA and MDMA interact 
with both neurotransmitter systems. This idea is supported by data from 
pharmacological studies. For example, the administration of MDA or 
MDMA to rodents causes increased locomotor activity, grooming behav- 
ior, and piloerection, signs indicative of central sympathomimetic activity 
(Thiessen and Cook, 1973; Stone ef al, 1987). Overdose with MDA in 
humans is characterized by symptoms of peripheral and central sympath- 
omimetic over-stimulation (Simpson and Rumack, 1981). Biochemically, 
MDMA and MDA have been shown to be potent releasers of dopamine 
in synaptosomal preparations (Schmidt, 1987) and, in addition, to inhibit 
the synaptosomal reuptake of dopamine and norepinephrine (Steele er a/., 
1987). Hence, these biochemical actions may explain the capability of 
MDA and MDMA to augment sympathomimetic activity, as well as in- 
ducing amphetamine-like effects in various behavioral paradigms. 

Related to the ability of these drugs to produce psychedelic effects 
in humans and hallucinogenic appropriate responding in animals, bio- 
chemical studies with MDMA have shown this compound to be a more 
potent releaser of serotonin than of dopamine (Schmidt, 1987). Further, 
MDMA is more effective than amphetamine in blocking the uptake of 
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this indolamine (Steele ef a/., 1987). These biochemical actions would be 
expected to increase concentrations of serotonin at synaptic sites in brain. 
Since alterations in serotonergic function have been implicated in the 
ability of hallucinogenic drugs to produce changes in perception (Jaffe, 
1980) these data may explain the capacity of MDMA and MDA to 
produce psychedelic effects in humans. 

Clearly, investigations directed at elucidating the pharmacological 
and behavioral effects of the methylenedioxyamphetamines are in their 
infancy. The available evidence suggests that MDA and MDMA possess 
a unique psychopharmacological spectrum of action that includes both 
stimulant and psychedelic properties. The question of whether such 
properties might prove useful therapeutically, however, remains to be ad- 
dressed by appropriately designed clinical studies. In addition, any de- 
monstrable clinical utility must be assessed in light of the increasing evi- 
dence that, in animals, these compounds are neurotoxic. 


Neurotoxicological Effects 

Two lines of evidence suggested that a study of the neurotoxic ef- 
fects of the methylenedioxy-substituted amphetamines might prove 
worthwhile. The first set of data, discussed briefly above, indicated that 
methamphetamine induced a long-lasting decrease in the concentration of 
dopamine and serotonin in the brain of monkeys and rodents, accompa- 
nied by morphologic changes indicating nerve terminal degeneration (see 
Seiden and Ricaurte, 1987, for review). The toxic effects of methamphet- 
amine occurred at relatively high doses of drug, doses 50 to 100 times 
higher than the amount required to produce behavioral changes. A 
second set of data showed that certain ring-substituted amphetamine de- 
rivatives, such as para-chloroamphetamine, produced a marked and per- 
sistent reduction in the concentration of CNS serotonin and its metabo- 
lites in animals (Fuller et a/., 1965; Sanders-Bush ef a/., 1972). Further 
studies concluded that this persistent depletion of serotonin could be ex- 
plained on the basis of para-chloroamphetamine’s ability to damage sero- 
tonergic nerve fibers (Fuller, 1978). 


MDA 

Prompted by these observations, a number of investigators turned 
their attention to examining the long-term neurochemical consequences 
resulting from the administration of the methylenedioxy ring-substituted 
amphetamines. Ricaurte ef a/, (1985) reported that MDA produced a 
long-lasting dose-related depletion of serotonin and its metabolite, 5-hy- 
droxyindolacetic acid (SHIAA), in the striatum and hippocampus of rats 
two weeks after completion of a multiple dosing regimen (range: 5-40 
mg/kg/dose, given twice each day for 4 days). Concentrations of dopa- 
mine and norepinephrine appeared unaffected. Uptake studies indicated 
that MDA-induced depletion of brain serotonin was accompanied by a 
loss of serotonergic uptake sites. Other work demonstrated persistent re- 
ductions in the ability of the serotonin synthesis enzyme, tryptophan hy- 
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droxylase, following MDA administration (Stone ef a/., 1987). Morpholo- 
gic studies (Fink-Heimer silver stain) revealed the presence of degenerat- 
ing axonal terminals in the hippocampus of animals treated with MDA 
(Ricaurte ef a/., 1985). Hence, the ability of MDA to cause a long-lasting 
decrease in the concentration of brain serotonin appears to be explained 
by its capacity to damage serotonergic neurons, 


MDMA 

Use of MDA crested in the late 1960's, but with the scheduling of 
the compound under the Controlled Substances Act in 1970 its populari- 
ty dropped considerably. Always one step ahead of the regulatory proc- 
ess, however, clandestine chemists soon began synthesizing its then un- 
regulated N-methylated analogue, MDMA. Due to its current popularity, 
MDMA has recently become the object of considerable research atten- 
tion. These studies have provided strong evidence indicating that 
MDMaA, similar to MDA, damages serotonergic systems in rodent brain. 
For example, the multiple dose administration of MDMA to rats (dose 
range: 10 to 40 mg/kg/dose) produces a long-lasting depletion of sero- 
tonin and the metabolite SHIAA in a variety of brain areas (Schmidt ef 
al., 1986; Stone et a/., 1987; Ricaurte et a/., 1987; Commins et al., 1987), 
As was the case with MDA, this long-term depletion was found to be 
accompanied by a loss of serotonergic uptake sites (Schmidt, 1987; Com- 
mins ef a/., 1987) as well as a reduction in the activity of tryptophan hy- 
droxylase (Stone e7 a/., 1987). 

Reports vary as to the ability of MDMA to induce persistent reduc- 
tions of other neurotransmitters. Depending on the brain area examined, 
the dose, and time of sacrifice, concentrations of dopamine have been 
noted to be decreased (Commins ef a/., 1987), increased (Schmidt er al, 
1986; Mokler ef a/., 1987), or unaffected (Stone ef a/., 1987). Levels of 
norepinephrine are reported to be decreased after high doses of MDMA 
(Commins et a/l., 1987; Mokler er a/., 1987). Together, however, the avail- 
able data indicate that serotonergic systems are by far the most sensitive 
to the persistent amine-depleting effects of MDMA. 

Similar to MDA, morphologic studies revealed the presence of de- 
generating nerve terminals in the striatum of rats treated with relatively 
high doses of MDMA (80 mg/kg/dose, twice daily for 2 days) (Com- 
mins ef al, 1987). Hence, the MDMA-induced depletion of serotonin 
would appear to represent a true neurotoxic effect of the drug, rather 
than simply a long-lived pharmacological action, such as has been dem- 
onstrated for the drug reserpine. Interestingly, evidence of neuronal de- 
generation was also observed in a localized area of rat primary somato- 
sensory cortex (layers III and IV). Here, actual degeneration of cell 
bodies was observed. This stands in contrast to the histologic changes 
observed in the striatum of MDMA-treated rats, in which only nerve ter- 
minal damage was evident (Commins ef a/., 1987). The distinction is im- 
portant because if cell bodies are irreparably damaged, regeneration is 
not possible. Regeneration of neurons can occur, on the other hand, if 
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damage is limited to fiber terminals (Baumgarten e7 a/., 1973; Bjorklund 
et al., 1973), We have recently found that serotonin levels in the hippo- 
campus of rats treated with MDMA do in fact undergo a partial recov- 
ery with time (Finnegan ef a/., 1987). These data suggest that, in the rat 
hippocampus at least, MDMA primarily damages the nerve terminal. 
Whether the partial recovery of serotonin represents regenerative sprout- 
ing of nerve fibers, accompanied by actual functional reinnervation, has 
yet to be determined. Further morphologic studies will be needed to 
clarify whether MDMA is capable of producing actual serotonergic cell 


loss. 
It would seem unlikely that regeneration or recovery of function 


occurs in the somatosensory cortex, since MDMA does appear to 
produce cell loss in this area. The identity and function of these somato- 
sensory neurons is unclear. Since neocortical neurons do not contain 
either indole (Azmitia, 1978) or catecholamines (Lindvall and Bjorklund, 
1978), however, this finding indicates that MDMA may possess a broad- 
er spectrum of neuronal toxicity than originally thought. Whether similar 
morphologic changes occur in the somatosensory cortex after the admin- 
istration of MDA has not been reported. 


MDE 

Finally, the neurotoxic potential of the newest “designer drug” to 
appear in this line, MDE, has also been recently addressed. Administra- 
tion of this compound produces neurochemical changes similar to that 
induced by MDA and MDMA, that is, a long-lasting reduction in the 
concentration of serotonin and tryptophan hydroxylase activity in rat 
brain (Ricaurte et al, 1987; Stone et a/., 1987). Lengthening the n-alkyl 
chain by one carbon, however, causes a reduction in potency. Compared 
to MDMA, approximately four-fold higher doses of this compound are 
required to produce long-term depletions of brain serotonin and reduc- 
tions in tryptophan hydroxylase activity. Whether MDE is capable of 
damaging nerve terminals is unknown, but would seem likely given the 
similarity of this compound to MDA and MDMA. 


Mechanisms of Toxicity 

Studies focusing on how the methylenedioxyamphetamines damage 
neurons have only just begun. The available evidence suggests that it is 
unlikely that the toxic effects of these compounds appear as a conse- 
quence of a nonspecific reaction in the CNS, such as ischemia or the in- 
hibition of protein synthesis. As discussed above, the drugs primarily 
affect serotonergic systems, leaving catecholaminergic neurons relatively 
unscathed. Moreover, the morphologic lesions induced by these drugs 
appear discrete (Ricaurte ef a/., 1985; Commins et a/., 1987). Finally, the 
serotonergic depletions induced by MDMA can be blocked by the prior 
administration of serotonergic reuptake blockers (Schmidt, 1987). 

Time course studies indicate that the effects of MDMA on seroton- 
ergic systems in rat brain can be temporally separated into two phases: 
An immediate effect and a delayed reaction (Schmidt, 1987). Both phases 
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are manifested by depletions of serotonin. The immediate effect of 
MDMA is to cause a profound (greater than 80 percent) depletion of se- 
rotonin shortly after drug administration. This phase appears completely 
reversible, with neurotransmitter levels returning to control levels within 
24 hours afterward. Following the initial recovery of serotonin, a second, 
non-reversible depletion of this amine then develops over a period of 
several days. These two actions can be separated pharmacologically and 
appear to be distinct. For example, the initial depletion of serotonin is 
produced by the administration of either the (+) or (—) MDMA iso- 
mers. In contrast, the non-reversible phase of depletion is solely the 
property of the (+) isomer. Moreover, the second, but not the first, de- 
pletion phase can be blocked by the prior administration of serotonergic 
reuptake blockers. Based on these differential effects, Schmidt (1987) 
suggests that the two phases of depletion may be mediated by separate 
mechanisms. In particular, the ability of reuptake inhibitors to block the 
non-reversible depletion of serotonin suggests that the generation of an 
endogenously produced toxic metabolite may be important. 

Although the exact chain of events leading to neuronal damage has 
yet to be clarified, the mechanism of MDMA-induced toxicity appears to 
share certain common links with that caused by methamphetamine. Pre- 
treatment with the gamma-aminobutyric acid (GABA) transaminase in- 
hibitor, amino-oxyacetic acid, blocks the amine depletions caused by 
both methamphetamine (Hotchkiss and Gibb, 1980) and MDMA (Stone 
et al, 1987). Similarly, inhibiting the synthesis of dopamine by adminis- 
tration of alpha-methylparatyrosine likewise prevents methamphetamine 
(Wagner et al, 1983) and MDMA-induced (Gibb, personal communica- 
tion) amine depletions. Moreover, the MDMA-induced morphologic 
changes observed in the striatum and somatosensory cortex are not 
unique to this agent, but have also been described after methamphet- 
amine administration (see Seiden and Ricaurte, 1987). These converging 
data raise the possibility that the two drugs may, at least in part, share a 
common mechanism of action. 


The Question of Toxicity in Humans 

Whether MDA or MDMA produce neurotoxicity in humans has not 
been established, but is of obvious importance to the many individuals 
who use the drug for medicinal or abuse purposes. Clearly, the initial 
studies examining the effects of these compounds in animals employed 
conditions quite different from those under which humans typically 
ingest the drug. In rodents, the lowest effective dose of MDA or 
MDMA required to produce long-term neurochemical alterations is on 
the order of 5 to 10 mg/kg. This dose is approximately two to four times 
the behaviorally effective dose of the compounds in this species, and 
about three to five times higher than those used by humans (approxi- 
mately 1.7 to 2.7 mg/kg, ingested orally) to produce cognitive changes. 

In addition to dose, considerations regarding differences in drug sen- 
sitivity and metabolism, as well as the route and schedule of administra- 


202 


tion, have limited extrapolation of the findings in animals to humans. 
However, several recent studies have begun addressing these differences, 
bridging the gap between experimental investigations and human abuse 
patterns. For example, we have recently found that the neurotoxic ef- 
fects of orally administered MDMA in rats are comparable to those ob- 
served after its subcutaneous injection (Finnegan ef a/., 1987). Other in- 
vestigators (Mokler ef a/., 1987; Commins ef a/., 1987) have demonstrated 
that single parenteral doses of MDMA are also effective in producing 
long-term depletions of serotonin in rat brain. In addition, persistent 
MDMA.-induced depletions of serotonin have now been observed in pri- 
mates (Ricaurte ef ai, submitted), a species more closely related to 
humans. Importantly, the lowest effective dose of MDMA required to 
produce a long-term depletion of cortical serotonin in primates was 2.5 
mg/kg. This dose is quite close to that ingested by humans, and obvious- 
ly raises concerns regarding the drug’s neurotoxic potential in man. Clin- 
ical studies addressing the question of whether individuals exposed to 
MDMA have decreased cerebrospinal levels of the serotonin metabolite, 
S5HIAA, or whether they display functional deficits attributable to sero- 
tonergic systems, will be needed to answer this important question. 


Conclusions 


A number of mental health specialists have advocated the use of 
MDA and MDMA as adjuncts in psychotherapy, and have opposed the 
placement of the latter compound in Schedule I of the Controlled Sub- 
stances Act (Grinspoon and Bakalar, 1986). Evidence obtained in ani- 
mals, however, strongly suggests that these drugs are capable of damag- 
ing serotonergic systems in brain. Moreover, recent studies indicate that 
these neurotoxic actions continue to be expressed under conditions which 
more closely parallel the pattern of use in humans. Until definitive clini- 
cal studies can be carried out, humans using these psychoactive drugs 
should be wary of their potential neurotoxic effects. 
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Organ Toxicity 


§.D. Ferrara, M.D. and L. Cima 


Introduction 


Drugs of abuse may inflict many damaging effects on various func- 
tional and organ systems as a result of their repeated administration. In 
addition, they may induce drug-seeking behavior and cause tolerance and 
dependence. 

Psychoactive drugs are apt to produce complications on central-au- 
tonomic nervous, cardiovascular, immune and reproductive systems, 
liver and kidney. Physiopathological mechanisms, drug interactions, 
effect, and mortality related to various functional and organ systems are 
treated with specific reference to synthetically produced substances. 


Physiopathological Mechanisms 

The central nervous system (CNS) is protected from toxicants by the 
blood-brain barrier. The “barrier” is a functional concept based on obser- 
vations that some substances that enter and affect many of the soft tissues 
of the body, such as liver, kidney, and muscle, are excluded from the 
brain. Not all substances are preferentially excluded from the brain: for 
example, most psychoactive drugs, anesthetics, analgesics, and tranquiliz- 
ers penetrate the blood-brain barrier, while highly polar compounds tend 
to be excluded. In the immature brain, the barrier is generally not as ef- 
fective, and toxic doses of some compounds, such as inorganic salts, may 
accumulate in the CNS of children, while the adult develops marked ef- 
fects on the peripheral nervous system instead. Because of specificity of 
this kind in regard to uptake of substances in the brain, there is a consid- 
erable amount of research and speculation regarding the anatomic fea- 
tures that relate to the functional barrier (Davies, 1985). When cells are 
damaged by exposure to toxic chemicals either by direct contact with 
the chemical or by secondary effects such as anoxia subsequent to dimin- 
ished oxygen supply, some similar effects are observed. These effects are 
swelling of the cell and cytoplasmic organelles, dispersion of the rough 
endoplasmic reticulum (RER), and swelling of the nucleolus. The 
changes are accompanied by decreases in cytoplasmic pH, in the activity 
of oxidative enzyme systems, and in the synthesis of protein and other 
cell components. Differences in response relate more to quantitative dif- 
ferences in amount and rate of change in organelles of different cell 
types than to qualitative differences. Thus, cells with little capacity for 
anaerobic metabolism but with rapid ionic shifts through the external 
membrane, such as myocardial cells and neurons, are susceptible during 
anoxia to rapid edema from the loss of integrity of the cell membrane. 
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On the other hand, liver cells will first show changes in the endoplasmic 
reticulum, diminished protein synthesis, and lipid accumulation. Howev- 
er, both the electrically excitable cells and liver cells will show both 
types of injury responses over a period of hours. 

The neuron is a cell that has little capacity for anaerobic metabolism 
and a high metabolic rate. The oxygen consumption of neurons is ten 
times higher than the oxygen consumption of glial cells. This combina- 
tion of metabolic conditions puts the neuron at more risk from anoxia 
than glial cells. 

Neuronal damage starts within a few minutes after cessation of 
blood flow to the brain, and death of some neurons occurs before com- 
plete cessation of oxygen or glucose transport. Certain cells are more 
sensitive to anoxia than others. The sequence of vulnerability can be de- 
scribed in order of decreasing sensitivity: neurons, oligodendrocytes, as- 
trocytes, microglia, and cells of the capillary endothelium. Three types 
of anoxia are generally recognized: anoxic, ischemic, and cytotoxic. 

The functioning of the nervous system in the presence of damage 
from toxic agents is obviously both of great importance and complexity. 
The nervous system possesses considerable redundancy of structure, 
which may mask functional change until the amount of damage exceeds 
the reserve capacity of the system. 

The nervous system is also capable of developing tolerance or 
adapting to some types of damage; hence function may return to normal 
during continuous exposure to a toxic substance. Thus damage may exist 
in the nervous system that can be detected by cytologic or neurochemi- 
cal methods when functional damage is not detected. On the other hand, 
alterations in gait, visual-motor performance, emotional state, and many 
other behavioral parameters may, at times, be the earliest and most sensi- 
tive signs of nervous system toxicity. 

The neurotoxicants are classified, according to their primary toxic 
action, in the following types: 

1. Anoxic damage to gray matter (neurons and astrocytes) with vari- 
ation in pattern of damage depending on which of the three types of 
anoxia is produced; 

2. Toxic substances causing lesions restricted to specialized CNS nu- 
clear groups; 

3. Damage to myelin from substances affecting oligodendrocytes of 
Schwann cells, resulting in encephalopathy if central white matter is in- 
volved or polyneuritis if peripheral cel's are damaged; 

4. Substances with a predilection for causing damage to axons of pe- 
ripheral neurons; 

5. Agents causing primary damage to perikarya of peripheral neu- 
rons; 

6. Neurotoxicants causing damage to synaptic junctions of the neu- 
romuscular system. 

Psychoactive drugs induce primary toxic action to gray matter and 
specialized CNS nuclear groups, and can also potentially effect peripher- 
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al neurons and synaptic junctions, as a consequence of central damage. 

The Autonomic nervous and Cardiovascular systems may also be af- 
fected because of specific effects of certain psychoactive drugs. 

Drugs can selectively affect the heart or its vasculature. The effect 
can be solely functional, lasting only during the exposure period, and its 
magnitude is usually dose-related. The risk of irreversibility of the effect 
increases with the dose or duration of exposure. Generally, after a func- 
tional change in the heart, the risk of lethality is greater than that which 
occurs after changes in other parenchymatous 0.gans, Sudden death due 
to arrhythmia contributes to a major portion of the mortality caused by a 
drug overdose, Chemicals can also produce structural, i.e., degenerative 
and inflammatory, changes in the heart or blood vessels, and these in 
turn lead to persistent functional changes. Cardiovascular functional ef- 
fects develop after administration of a lethal dose of most chemicals and 
are usually secondary to the changes in other organ systems. Primary 
cardiovascular toxicity is the most common consequence of an exagger- 
ated pharmacologic effect after an overdose of cardiovascular drugs. 
Similarly, other organotropic drugs, e.g., those affecting the central nerv- 
ous system (CNS) or the autonomic nervous system, may also affect the 
cardiovascular system; their toxicity can be unrelated to the therapeutic 
action and thus is a side effect. 

Nonmedical use of psychoactive drugs, e.g., amphetamines and hal- 
lucinogens can produce cardiovascular emergencies. These drugs in- 
crease the workload of the heart by increasing the heart rate and blood 
presssure and by provoking tachyarrhythmias. They may also indirectly 
lead to pulmonary edema, particularly in individuals with angina, hyper- 
tension, coronary atherosclerosis, or cerebrovascular disease. 

Furthermore, anoxic or stagnant hypoxia results from exposure to 
psychoactive drugs that depress respiration. Anoxic hypoxia is character- 
ized by a lower-than-normal PO» in arterial blood when oxygen capacity 
and rate of blood flow are normal or elevated. Stagnant hypoxia is char- 
acterized by a decreased rate of blood flow. 

Disposal of the psychoactive drugs in large amounts may overload 
the organs involved in their metabolism and excretion, such as liver and 
kidney. 

‘Liver injury” is not a single entity, and the lesion observed depends 
not only on the chemical agent involved but also on the period of expo- 
sure. After acute exposure one usually finds lipid accumulation in the he- 
patocytes, cellular necrosis, or hepatobiliary dysfunction, whereas cirrho- 
tic or neoplastic changes are usually considered to be the result of chron- 
ic exposure. 

The hepatic lesions are divided into two categories on the basis of a 
classification for drug-induced liver injury. Type I lesions are those 
which are predictable, dose and time-dependent, occurring in most, if not 
all, subjects exposed to appropriate doses of the causative substances. 

Type II lesions are those which are nonpredictable, and time-inde- 
pendent, occurring sporadically and often become apparent only after 
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monitoring a large number of exposed individuals. 

Five groups of morphological reactions are formulated: 

1) zonal hepatocellular alteration without inflammatory reaction 

2) intrahepatic cholestasis 

3) hepatic necrosis with inflammatory reaction 

4) unclassified group 

5) hepatic cancer. 

For most of the psychoactive drugs a direct toxicity and immunolo- 
gical combined mechanism has been postulated for the pathogenesis of 
adverse hepatic drug reactions (Figure 1). 


Figure 1 
DRUG 
GENETIC AND ENVIRONMENTAL FACTORS 
REACTIVE METABOLITES 
BIND TO HEPATOCYTE 


MACROMOLECULES 


GENETIC FACTORS 
DENATURATION AND DETERMINING 
ALTERED ANTIGENICITY !MMUNE REACTIVITY 


DIRECT HEPATOTOXICITY IMMUNE MEDIATED 
(MILD, COMMON HEPATOTOXICITY 
(SEVERE, UNCOMMON) (SEVERE, UNCOMMON) 


Source: D.M. Davies, 1985 


Because of the high renal blood flow, any drug in the systemic cir- 
culation will be delivered in relatively high amounts to the kidney. As 
salt and water are reabsorbed from the glomerular filtrate, the materials 
remaining (including the potential toxicant) in the urine may be concen- 
trated in the tubule. Thus a nontoxic concentrate of a drug in the plasma 
could become toxic in the kidney subsequent to concentration within the 
urine. 

The effects on kidney function may be brought about in one of sev- 
eral ways: 

1) Vasocostriction could decrease renal blood flow and glomerular 
filtration rate, reducing urine flow, eventually resulting in an increase in 
BUN (blood urea nitrogen); if prolonged, vasoconstriction would lead to 
tissue ischemia with resultant loss of function and, eventually, tissue de- 
struction; 

2) Direct drug affection of glomerular elements, altering permeabil- 
ity such that filtration at the glomerulus is compromised; 
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3) Alternatively, or in combination with these other possibilities, the 
administration of a nephrotoxicant could influence function directly; 
either specific reabsorptive or secretory mechanisms could be influenced 
by the toxicant, or the general permeability of the tubule could be influ- 
enced such that the normal ability of the tubule to act as a barrier to 
diffusion could be altered. 

Lack of self-care, malnutrition, uncleanliness, and probable involve- 
ment of the reticuloendothelial sytstem by some chemicals may affect the 
immunity of the addicts and may make them infection prone. 

The interaction of drugs with lymphoid tissue may alter the delicate 
balance of the /mmune system and result in four types of undesirable ef- 
fects: immunosuppression, uncontrolled proliferation (i.e., leukemia and 
lymphoma), alterations of host defense mechanisms against pathogens 
and neoplasia, and allergy or autoimmunity. 

Furthermore, use of unsterile chemicals, syringes, and other para- 
phernalia for preparation of injectable drugs may lead to many infective 
processes such as viral hepatitis and bacterial endocarditis. Some charac- 
teristic marks may be left on the skin and other sites as a result of such 
parenteral drug administration (Pradhan and Dutta, 1977). 

The toxic effects of drugs on the Auman reproductive system have 
become a major health concern: incidences of chemically induced germ 
cell damage and sterility appear to be on the increase. Experimental re- 
sults suggest that a large number of chemicals including alcohol, amphet- 
amines, narcotic and non-narcotic analgesics, monoamine oxidase inhibi- 
tors, marijuana and hallucinogens, solvents and other industrial chemicals 
affect male and female reproduction. However, an understanding of the 
underlying biologic mechanisms of reproductive toxicity remains incom- 
plete and the predictiveness of laboratory animal studies for humans is 
still not generally accepted. 

Changes in the outlook and attitude toward social and sexual life, 
and less restrained sexual contacts, may increase the incidence of venere- 
al disease among addicts, many of whom are forced into prostitution to 
maintain their drug habits. 


Drug Interactions 


Problems in predicting drug effects arise when multiple drug usage 
occurs. Polydrug abuse, defined as a primary dependency on a psychoac- 
tive drug or drugs other than heroin, methadone or alcohol, may involve 
quite varied and complex mechanisms in producing drug interactions, 
which are often influenced by patient and drug administration factors. 
Polydrug abuse is generally categorized into three types: use of combina- 
tions of drugs in a single preparation; concomitant use of separate drugs; 
sequential or cyclic use of different substances. Polydrug abuse of the 
combination type may be self-imposed or result from additives, impuri- 
ties, precursors, and substitutions that the users continue to abuse un- 
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knowingly along with the primary drugs of abuse. Concomitant abuse of 
drugs is generally practiced with the purpose of either potentiating or 
reducing the effects of one drug by the other. To regulate the time- 
course of action of an abused drug, users often resort to abuse of another 
drug having opposite pharmacological action. Limited scientific informa- 
tion exists on the behavioral and organ toxicity qualitative and quantita- 
tive consequences of most psychoactive drug combinations (Pradhan and 
Dutta, 1977). 

Interactions of hallucinogens and some possible interactions of drugs 
of abuse at various neuronal sites are summarized in Tables | and 2. 
These receptor or nonreceptor mediated interactions produced a multi- 
tude of physiological, biochemical and pharmacological consequences 
that make impossible any classification of the potential adverse reactions. 
The magnitude of the quantitative pharmacokinetic and pharmacody- 
namic effects arising from the combination of drugs may, however, be 
restricted by the physiological system. 


Effects and Mortality 


The CNS and miscellaneous effects of short and long term use, and 
mortality related to various functional and organ systems, resulting from 
hallucinogens (except marijuana), amphetamines, fentanyl and meperidine 
analogues and methaqualone are dealt with in the following paragraphs. 


Table 1 
Interaction of Hallucinogens With Other Drugs 


Hallucinogen _ interacting drug Effect 


LSD Chlorpromazine Partial antagonism to LSD; recognition of 
threshold dose elevated; enhanced ortho- 
static hypotension 


Phenoxybenzamine Same as chlorpromazine 


Ergotamine Intensification and prolongation of psychic 
symptoms 
Reserpine Marked attenuation of subjective experi- 
ence 
Isocarboxazide Marked attenuation of subjective experi- 
ence 
Progesterone Very slight effect on psychomotor and 
intellectual impairment 
Mescaline Amphetamine Potentiation of hallucinogenic effects 
JB-329 Tetrahydroaminacrine Antagonism 
(THA) 
Yohimbine Antagonism 


Source: S.N. Pradhan and S.N. Dutta, 1977, modified 
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Table 2 


Possible interactions of Drugs of Abuse at Various 
Neuronal Sites* 


Sites of Possible 
Drugs of abuse interaction Effects produced interaction with 
Morphine and Cholinergic/ad- Blockade of ACh Reserpine, AChE 
related drugs renergic nerve release, of NE inhibitors, MAO 
terminals inhibitors, 
amphetamines 
LSD and other Catecholamine Release of NE, Reserpine, MAO 
indolamines storage vesicles depletion of NE inhibitors, 
amphetamine 
Mescaline Catecholamine Release of NE Amphetamine, 
storage vesicles chlorpromazine 
Amphetamine Catecholamine Release of NE and Tricyclic 
storage vesicles blockade of NE antidepressants, 
(midbrain) reuptake resulting cocaine 


in depletion 


*ACh, acetylcholine, NE, norepinephrine, AChE, acetyicholinesterase, MAO, monoamine oxidase 
Source: S.N. Pradhan and S.N. Dutta, 1977, modified 


Hallucinogens 


Hallucinogens include a wide variety of structurally dissimilar sub- 
stances, ranging from synthetic products to natural substances occurring 
in many plant species. 

The terms hallucinogen, psychotomimetic and psychedelic are gen- 
erally used to signify substances that produce changes in perception, 
thought and/or mood without serious disturbances in the autonomic 
nervous system and serious dependence. 

According to structural similarity hallucinogens can be placed in 
classes, such as LSD, mescaline and MDA, PCP and ketamine, atropinic 
drugs, and pethidine derivatives. 

The LSD class of indolealkylamines includes LSD (d-lysergic acid 
diethylamide), LSA (d-lysergic acid amide), psilocybin, DMT (dimethyl- 
tryptamine) and DPT (dipropyltryptamine). 

The mescaline and MDA class, known as the phenylethylamine 
group, includes mescaline, MDA (3,4-methylenedioxyamphetamine), 
PMA (para-methoxyamphetamine), PMMA (para-methoxymethampheta- 
mine), DOM or STP (2,5-dimethoxy-4-methylamphetamine), TMA (tri- 
methoxyamphetamine), and MMDA (3-methoxy-4,5-MDA). 

PCP (phencyclidine) and ketamine belong to the arylcycloalkyla- 
mine class of drugs which includes PCE (eticyclidine), PHP (rolicycli- 
dine) and TCP (tenocyclidine). 

The atropinic class includes atropine, scopolamine, and hyoscyamine 
which are also designated solanaceous alkaloids because they are derived 
from many species of the family. 
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The Pethidine derivative class includes JB-318 (N-ethyl-3-piperidyl 
benzilate), JB-329 (N-ethyl-3-piperidy! phenylcyclohexylpentylglyco- 
late), JB-336 (N-methyl-3-piperidy! benzilate), MPPP (1-methyl-4- 
phenyl-4-propionoxypiperidine), MPTP (1-methyl-4-phenyl-1,2,5,6-tetra- 
hydropyridine), and PEPAP (1-phenethyl-4-phenyl-4-acetoxypiperidine). 

Virtually all of the hallucinogens can produce acute adverse effects, 
spontaneous and drug-free recurrence of flashbacks (feelings, perceptions 
originally experienced during a hallucinogenic episode), and amotiva- 
tional syndrome. 

Rapidly developing tolerance, as tachyphylaxis or cross-tachyphy- 
laxis, is known to occur to the effects of the LSD, mescaline, phencycli- 
dine, and atropinic classes to a limited extent in humans. 

Physical dependence on any of the hallucinogens is not known to 
occur, although psychological dependence on LSD and phencyclidine 
has been reported in chronic heavy users. 


CNS Effects 

Effects of hallucinogens vary considerably depending on the drug, 
its type, and dose; the set of the subject (whether the user is a psychiat- 
ric patient or a volunteer, nature of the individual) and expectations of 
the subject or the experimenter; and the setting of the clinical experi- 
ment. Of these, variations in the subject's drug use experience appear to 
be very important and may occur in several ways. 

The hallucinogenic effects of short term use (Jaffe, 1980) in humans 
mainly consist of striking psychological effects and relatively few physio- 
logical effects. The latter include some sympathomimetic effects (mydria- 
sis, tachycardia), stimulated respiration, hyperreflexia, and occasional 
ataxia at high doses. Changes in blood pressure, pulse rate, and respira- 
tion, elevation of body temperature and sweating, nausea and vomiting, 
which may be quite variable, reflect varying levels of induced anxiety 
rather than primary pharmacological effects. 

The psychological effects are numerous and diverse, and depend not 
only upon the dose but also upon the set and the setting. Hallucinogens 
can also induce a hypersuggestible state and under its effect, the rational, 
critical function of the mind is set aside and the expectations of the sub- 
ject and the experimenter influence responses enormously. 

Early effects can include numbness, muscle weakness, muscle 
twitching, rapid reflexes, tremulousness, impairment of motor skills and 
coordination, and pupillary dilation. Often there is early anxiety or some- 
times exhilaration; the latter is likely due to the user’s expectations, as it 
may occur prior to the onset of hallucinogenic actions. Seizures have 
also occurred, although rarely. 

Later effects can include the following: perceptual distortions, usual- 
ly visual; body image, space and time distortions (minutes may seem to 
pass as slowly as hours); diminished control over thinking processes and 
concentration; synesthesias (one sensory modality is melded with an- 
other); recent or long-forgotten memories blend with current experience; 
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Over-attention to parts of the user’s body or on trivial objects; perception 
of brighter colors, sharper definition of objects, increased hearing acuity, 
etc.; simultaneous existence of different emotions; withdrawal from and 
indifference to their surroundings; hypervigilance; and many alternations 
between these states; feeling of mystical, religious, or “cosmic” experi- 
ence, 

Long-term effects of hallucinogen use can include flashbacks, amoti- 
vational syndrome, and psychosis (Cox et ai, 1987). The phenomenon 
frequently associated with hallucinogen use is ‘‘flashbacks’’—spontaneous 
recurrences of specific experiences which originally occurred during hal- 
lucinations. Typically they are brief, lasting only a few minutes. They 
may occur shortly after an LSD episode or, in some cases, up to four or 
five years later. Flashbacks may be perceptual, somatic and emotional. 
Visual images are by far the most frequently reported form of flashback, 
ranging from formless colors to very frightening hallucinations. Pseudo- 
hallucinations involving geometric patterns are the most common sort of 
flashback. Less frequently, flashbacks involve other sensory modalities— 
taste, smell, hearing, body sensations, touch, and balance. They may also 
recur in the form of distortions of time, space, body image, or reality. 
Their etiology is unknown. 

An amotivational syndrome has been observed in some users of hal- 
lucinogens. The common manifestations of this syndrome are increasing 
apathy and decreasing interest in both one’s environment and social con- 
tacts, loss of effectiveness, passivity, diminished frustration tolerance, and 
lack of interest in planning ahead. In some respects the use of LSD and 
other drugs may serve to foster the amotivational syndrome in some 
users, and amotivational syndrome as a lifestyle may serve to foster the 
use of LSD and other drugs in others. 

Acute psychotic episodes caused by a single dose of hallucinogens 
ordinarily last for several hours. However, both a single dose and chron- 
ic use have resulted in a protracted period of psychosis for some individ- 
uals; this psychosis in many respects resembles paranoid schizophrenia 
and is characterized by true hallucinations (mainly visual), delusional 
thinking, and bizarre behavior. Although many of these individuals are 
believed to have been latent psychotics prior to their use of LSD, a few 
had previously exhibited little or no obvious personality disturbance. The 
issue is yet to be fully resolved as to whether or not chronic psychosis 
precipitated by LSD is a diagnostic entity distinct from schizophrenia, 
although the weight of evidence suggests that such a distinction is prob- 
ably not warranted. Indeed, there are many more similarities between 
these two groups than differences. 

Many users have experienced adverse reactions to the effects of 
LSD (Jaffe, 1980; Strassman, 1984). Fearfulness, anxiety, and depression 
may occur even in experienced users who have had no prior adverse re- 
actions. Acute paranoid states may occur, and bizarre delusions may be 
manifested in such extremes as violent, homicidal, or suicidal behavior. 
Severe confusion and disorientation may also provoke highly inappropri- 
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ate behavior. Nonetheless, in spite of their severity, these symptoms usu- 
ally decline rapidly in intensity and disappear after the drug is metabo- 
lized and excreted from the body. 

CNS effects of the hallucinogens are very similar in many respects 
despite differences in their chemical structure. Comparative studies using 
different doses of the drugs have shown qualitative similarities although 
slight differences were noted in the intensity of some effects. 

Mescaline, DET and DMT are shown to have a slower onset and 
longer duration of effects than LSD. Mescaline produces a greater in- 
crease in deep tendon reflexes and more anxiety, depersonalization, and 
disorder of space perception than LSD and psilocybin which, however, 
evoke more euphoria. Psilocybin produces a shorter duration of action, a 
more agreeable response and introspection without marked impairment 
of faculties. 

Phencyclidine is the only drug which produces impairment in the 
functions measured (such as attention, motor skills, proprioception) and 
also in tests of symbolic and sequential thinking, whereas LSD and psilo- 
cybin produce effects on sensory perceptions (Fauman and Fauman, 
1978; Lerner and Burns, 1978). The effects of the piperidyl benzilate 
esters (JB-318 and 329) and other pethidine derivatives (MPPP, MPTP, 
PEPAP) are different from those of LSD, mescaline, psilocybin, DMT, 
and other hallucinogens. The effects of large doses persist up to 12 hours 
and produce a syndrome resembling a toxic delirium produced by sco- 
polamine and other belladonna alkaloids (at high doses), and predomi- 
nantly characterized by mental confusion, disorientation, memory loss, 
and marked impairment of speech. 

Perceptions of the external environment produced by harmaline and 
harmine are usually not as greatly affected as with other hallucinogens, 
and delusions and feelings of unreality generally do not occur. Further- 
more they do not exert significant effects o1 thought processes. 

High doses (300 mg) of TMA produce at least one effect which usu- 
ally does not occur with higher doses of mescaline and related com- 
pounds: a tendency toward unprovoked antisocial behavior, manifested 
as anger or hostility toward others and, sometimes, grandiose beliefs 
about oneself. Abusers of central nervous system stimulants are usually 
hyperexcitable, hyperactive, agitated, and may be in a state of acute psy- 
chosis. Although theoretically it would seem easy to recognize and sepa- 
rate these groups of patients, in practice this should not be relied upon 
heavily for diagnosis and therapy. In severe poisoning these patients may 
become comatose with an initial phase of stimulation, high fever, and 
convulsions. Coma may also be the result of the effects of central nerv- 
ous system depressants (e.g., diazepam or a similar drug) used to counter- 
act the effects of the stimulants or result from associated illness or injury. 


Miscellaneous Effects 
In addition to CNS effects, genetic abnormalities, brain damage, reti- 
nopathy and other miscellaneous effects have been reported (Aptekar, 
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1970). In spite of the chemical structural differences a number of hallu- 
cinogens produce similar adverse effects. Due to adrenergic anc anticho- 
linergic properties, both Mescaline-MDA and Atropinic classes, induce, 
for instance, pupil dilation, increased pulse and breathing rate, urinary re- 
tention, etc. 

There is inconclusive evidence in humans of chromosomal damage 
resulting from chronic hallucinogen use, and the significance of such 
damage is also unclear. LSD and mescaline cross the placenta and induce 
fetal neural and other malformations in experimental situations. There ap- 
pears to be a higher risk of spontaneous abortion and congenital abnor- 
malities in offspring of women who have regularly used LSD during 
pregnancy; however, in almost all instances studied, the mothers had also 
used other drugs during their pregnancy, and therefore casual relation- 
ships are difficult to determine (Dumars, 1971). 

Although there has also been concern about the possibility of brain 
damage in chronic users, again causality has not been established. On the 
whole, studies have found no consistent differences between hallucino- 
gen users and non-users on tests designed to elicit brain impairment. 

LSD causes neuronal changes in rats, both in vivo and in vitro, but 
only with massive doses. Because of the rapid build-up of tolerance and 
lack of physiological dependence, chronic compulsive abuse of LSD is 
not common. Adverse neurological effects are infrequent but some of 
these may well go undetected and unreported since these drugs are usu- 
ally taken without medical supervision. Grand mal seizures, although 
rare, have been reported as occurring about an hour after ingestion of 
LSD. It is possible that arteriospasm may be involved in the production 
of some LSD-related mental disorders. In the dosages usually employed 
LSD has an activating effect on the human EEG with a decrease in the 
amount of slower activity. Objective and subjective neurological deficits 
were accentuated and changes occurred in the EEG pattern in subjects 
who were given LSD. Generally, there was decreased asymmetry with a 
decrease in amount or amplitude or both of slow wave activity and a 
more normal appearing EEG. Grand mal seizures developing to a focal 
neurological deficit four days later, also occurred in a case of carotid 
artery obstruction after ingestion of an unknown quantity of LSD cap- 
sules (Logan, 1975). This complication has been likened to those seen 
with methysergide which has been known to produce vascular complica- 
tions. 

Alterations in visual and somatosensory evoked potentials and an in- 
crease in the B-wave of the retinogram are also seen. LSD users tend to 
be attracted to bright and colorful objects because of their heightened 
degree of awareness of visual imagery, and they may gaze at the sun. 
Since the drug also causes mydriasis, such sun-gazing would result in a 
higher concentration of light energy being delivered to the macula and 
produce solar retinopathy characterized by decreased visual acuity, cen- 
tral scotoma, and/or chromatopsia. Two cases of such solar retinopathy 
have been reported in young patients who gazed at the sun while under 
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the influence of LSD (Schatz and Mendelblatt, 1973). 

The major cardiovascular side effect of most of the hallucinogens is 
their effect on blood pressure (Blanck ef a/., 1973; Felmer et al., 1974). 
Administration of LSD in moderate dosage in anesthetized dogs pro- 
duces depression of left ventricular function and contractility with mod- 
erate bradycardia. Tachyarrhythmias are more frequently observed in 
subjects abusing hallucinogens and probably account for most of the 
sudden deaths noted after large amounts are consumed. DOM (STP) 
may produce potentially lethal arrhythmias. 

Cases of gangrene of the extremities unclearly resulted, after LSD 
ingestion, from focal infection or from vascular LSD effects. Serious ie- 
crotizing angiitis, clinically and histopathologically indistinguishable from 
periarterite nodosa with renal, gastrointestinal and cardiac involvement 
have been described in association with the intravenous use of narcotics, 
stimulants and hallucinogens (Citron ef a/., 1970; Halper and Citron, 
1971). 

Myoglobinuria and acute renal failure have followed violent isomet- 
ric muscle contractions after self-administration of phencyclidine or ly- 
sergide (Foster, 1974; Blain and Lane, 1983; Blain, 1984). 

Hallucinogen use has also been alleged to cause vasoconstriction ca- 
pable of producing ischemia so severe that even minor infection may 
result in massive tissue necrosis and terminal amputation. 

In heavy cigarette smokers the severity of ischemia is further in- 
creased because of peripheral vasoconstriction caused by absorbed nico- 
tine. Retroperitoneal fibrosis in adults has been finally reported as a pos- 
sible effect of LSD (Aptekar, 1970). 

However, establishment of a causal relationship between the hallu- 
cinogens and these complications should be made cautiously. 


Mortality 

Every hallucinogen can cause overdose characterized by coma, high 
fever, convulsions and/or paralysis, cardiovascular collapse, respiratory 
arrest and death (Pradhan and Dutta, 1977; Cox et a/., 1987). 

No deaths in humans resulting from acute LSD or psilocybin dose 
have been reported. However, cases of suicide during or following LSD 
intoxication have occasionally occurred. Other results of violent or haz- 
ardous behavior have included accidental (sometimes bizarre) fatalities 
and very infrequently homicides and self-mutilations. 

Because harmaline and harmine are monoamine oxidase inhibitors, 
they can produce severe and potentially lethal effects of the heart and 
blood pressure when taken concurrently with any of 2 |: «°nge of 
common foods containing tyramine (e.g., aged cheeses. | J/ote, red 
wine) or with CNS-depressant drugs. 

A relatively small number of MDA/PMA-associated deaths result- 
ing from respiratory insufficiency have been reported. It is likely that 
there are others that have remained undocumented, although reports of 
MDA.-associated deaths continue to appear in the clinical literature from 
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time to time. It is important to note that more dangerous drugs such as 
PMA (paramethoxyamphetamine) and PCP (phencyclidine) have been 
sold on the street as MDA (Cox et al., 1987). 

Deaths from acute overdose of PCP have occurred with amounts 
estimated to be between 150 and 200 milligrams. While the usual clinical 
picture is coma, convulsions, and respiratory arrest, the following have 
also been reported to result from extremely high doses of PCP: repeated 
uninterrupted convulsions, acute hypertensive crisis, hemorrhage of the 
blood vessels of the brain, and kidney failure. Overdose may also be 
complicated by the simultaneous presence of other drugs in the body. 
High doses of CNS-depressant drugs (e.g., sedative/hypnotics or narcot- 
ics) substantially increase the risk of respiratory arrest (Fauman and 
Fauman, 1978). Children are particularly sensitive to the effects of atro- 
pinic drugs, and doses as small as 10 milligrams are sometimes fatal to 
them. Nowadays, however, fatalities among adults are rare and usually 
result from severe overdose. 

Although much less frequently than with other amanitas, deaths oc- 
casionally result from ingestion of Amanita muscaria which may contain 
atropine-like alkaloids and bufotenine. A lethal overdose causes delirium, 
convulsions, deep coma, and death from cardiac arrest. 


Amphetamines 


The class of drugs known as stimulants contains widely disparate 
groups of substances, including amphetamine and methamphetamine, 
which increase activity of the central and autonomic nervous system. 

Abuse of amphetamine and methamphetamine has declined during 
the past decade due to severe restrictions of medical use and more in- 
tense police action against illicit production and trafficking. 

Long abused for euphoric and stimulant effects, these drugs can 
create, at high dose levels, a toxic psychosis characterized by paranoid 
delusions, hallucinations, and, frequently, aggressive or violent behavior. 


CNS Effects 

Effects of amphetamines vary depending on the dose and route of 
administration, nasal, oral or intravenous, the latter being the referred 
method of the chronic high-dose abuser. 

In low to moderate doses, most drugs which stimulate the CNS can 
cause heightened feelings of well-being, and at high enough blood levels 
many such drugs produce intense euphoria. Stimulants may also increase 
wakefulness and mask the signs of fatigue, prolonging the user’s ability to 
perform work requiring endurance or normal levels of concentration. 

Stimulants can also produce insomnia and can interfere with normal 
sleep. As well, stimulants tend to suppress appetite and reduce hunger 
pangs (Pradhan and Dutta, 1977; Cox et al., 1987). 

Chronic abuse of very high doses of amphetamines (especially meth- 
amphetamine by injection) can result in serious psychological conse- 
quences, ranging from chronic agitation and anxiety states to toxic psy- 
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chosis. When injected intravenously, methamphetamine produces power- 
ful sensations referred to as a “rush.” 

One of the more frequently observed phenomena among those who 
chronically use amphetamines, and amphetamine-like drugs is a state of 
overstimulation, agitation, insomnia, and anorexia. Users often resort to 
cannabis, narcotic analgesics, or sedative/hypnotics in order to combat 
these adverse effects, as well as for these drugs’ own euphorigenic prop- 
erties. In fact, CNS-depressant drugs (including alcohol) are so frequent- 
ly and widely consumed by amphetamine-dependent users that multi- 
drug dependence is quite common. On the other hand, many heroin ad- 
dicts seek amphetamines and/or cocaine for their euphoric properties, 
particularly when they are no longer able to achieve appreciable eu- 
phoric effects from their regular dose of heroin. 

The effects of short-term use at low doses include: overstimulation, 
restlessness, dizziness, insomnia, euphoria, dysphoria, mild confusion, 
tremor, and, in rare instances, panic and/or psychotic episodes; reduction 
of appetite; increased alertness and energy, reduction of fatigue and 
drowsiness, a general increase in psychomotor activity and a heightened 
sense of well-being; an increase in libido, possible temporary impotence 
and increased urine output (Cox ef a/., 1987). 

At higher doses, intensification of the low-dose effects may occur as 
well as any of the following effects: intense exhilaration and euphoria, 
rapid flow of ideas, feelings of increased physical strength and mental ca- 
pacity, garrulousness, excitation, agitation, and sometimes panic or in 
some cases depression and irritability; paranoid thinking, confusion, and 
perceptual distortions including hallucinations; assaultive behavior. 

The effects of long-term use at low doses or higher doses can in- 
clude: chronic sleeping problems including insomnia, frequent nocturnal 
awakening, and poor-quality sleep; anxiety and tension stress; appetite 
suppression, which may result in disorders related to nutritional deficien- 
cy. 

Regular high-dose use can also directly produce suspiciousness and 
paranoid thinking, severe agitation, and in some cases chronic ampheta- 
mine psychosis (Cox ef a/., 1987). 

Amphetamines are reputed to produce chorea which usually pre- 
sents as irregular, jerking, involuntary movements of the limbs. Often the 
slow writhing movements of athetosis or a dystonia are superimposed. 
The patient frequently attempts to disguise the movement by converting 
it into some reasonable action (Blanck ef a/., 1973). 

In addition to true hallucinations, psychotic symptoms, including 
paranoid delusions, often emerge and may intensify during the course of 
a “run” or chronic use of injectable methamphetamine. Uncontrolled and 
violent behavior may therefore occur. Frequently, seemingly meaningless 
and bizarre behavior may also be compulsively repeated. In many re- 
spects, this toxic state, referred to as amphetamine psychosis, closely re- 
sembles paranoid schizophrenia. However, the two states differ in that 
during amphetamine psychosis the consciousness remains clear and accu- 
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rate orientation in regard to time, place, and self identity is maintained. 

Tolerance to many of the significant effects of the amphetamines has 
been reported to develop when these drugs are chronically administered. 
Cross-tolerance between amphetamines and other amphetamine-like 
CNS-stimulants has been clinically observed. 

It is still questionable whether chronic high-dose use of amphet- 
amines results in physical dependence and a characteristic withdrawal 
sickness. When chronic use is abruptly discontinued, the clinical picture 
of withdrawal does not include major grossly observable physiological 
disruptions. Rather, the prominent symptoms are extreme fatigue fol- 
lowed by prolonged but disturbed sleep. Upon awakening, the appetite is 
quite voracious. Irritability, lassitude, and moderate to very severe emo- 
tional depression also typically occur. Occasionally, sleep disturbances 
and psychotic symptoms persist after the period of prolonged sleep; this 
syndrome usually clears after several days of abstinence, although de- 
pression and irritability may continue to occur for a more extended 
period of time. Therefore, rather than certainly physical, an emotional 
dependence may occur. 

Marked psychological dependence frequently results even among 
regular low-dose users. In this case, psychological dependence is charac- 
terized by a preoccupation with and compulsive need to continue taking 
the drug because of those psychological effects which the user deems to 
be favorable. Certain of the drug effects are craved so intensely that, if 
the drug is temporarily unavailable, severe distress or even feelings of 
panic are experienced. 


Miscellaneous Effects 

Among the more significant autonomic nervous system effects 
which many stimulants exert on the body, and which are generally re- 
garded as unfavorable side effects, are dilation of the pupils, increased 
heart rate and blood pressure, constriction of the blood vessels, increased 
rate of respiration, dryness of the mouth, unpleasant taste, diarrhea; re- 
traction of the gum tissues, and skin rush, symptoms collectively de- 
scribed as the alarm reaction. At higher doses anginal pain, fainting, car- 
diovascular collapse, excessive sweating, and fever may occur. 

Sympathomimetic anorexiants have been used widely in early preg- 
nancy, and amphetamines have been suspected of teratogenic effects. An 
increase in cardiovascular anomalies, biliary atresia and congenital abnor- 
malities have been reported in children whose mothers had taken am- 
phetamines in early pregnancy (Levin, 1971). 

Spontaneous subarachnoid hemorrhages and intracerebral hemato- 
mas have been described in association with oral and intravenous use of 
amphetamines (Goodman and Becker, 1971). These are probably related 
to the hypertensive effect of the drug and a possible preexistent, vascular 
lesion, such as an intracranial aneurysm or an arteriovenous malforma- 
tion. The clinical manifestations are acute and include lethargy, coma, 
evidence of meningeal irritation, and a focal neurological deficit. Motor, 
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sensory, or visual field defects can occur in addition to symptoms of 
acute intoxication in a chronic abuser, Reversible dyskinesias have been 
reported (Logan, 1975). Chronic vascular changes, loss of neurons, and 
proliferation of glia have been observed in rabbits, however, it is not 
clear whether these drugs produce a direct neurotoxic effect. 

Acute hallucinogenic drug crises with amphetamines are frequently 
associated with hypertension and tachycardia. Amphetamines, when ad- 
ministered parenterally or even orally, can cause severe hypertension, 
occasionally complicated by either the above-mentioned cerebrovascular 
accidents or cardiovascular collapse (Goodman and Becker, 1970). Elec- 
trocardiographic abnormalities consisting of bradyarrythmias, conduction 
disturbances, and depolarization and repolarization abnormalities are 
common in drug addicts. Paroxysmal atrial fibrillation is not uncommon 
in heroin users who also abuse amphetamine (Lipski ef a/, 1973). Ta- 
chyarrhythmias and pulmonary hypertension are more frequently ob- 
served in persons abusing amphetamines and probably account for most 
of the sudden deaths noted after large amounts are consumed. 

Arterial complications result from drug injection into a peripheral 
artery. With progressive obliteration of venous injection sites, an addict 
may occasionally turn to intra-arterial injection either because the artery 
remains a palpably localizable access to the circulation or because the ad- 
dicts desire the special sensations known as a “flash” or “handtrip”’ that 
results from intra-arterial injection. A “hit” in the brachial or radial 
artery causes a burning paresthesia throughout the arterial distribution 
and a hyperemic flush followed by a spasm of the artery with conse- 
quent ischemic symptoms. The vascular lesion in a “hand trip” has sever- 
al causes. Intimal damage secondary to the drug with necrosis of the ar- 
terial wall has been thought to give rise to thrombus propagation in the 
arterial tree. Extreme vasoconstriction has also been postulated second- 
ary to catecholamine release from the injured artery. Volkmann’s ische- 
mic contracture results from intra-arterial injection of amphetamines 
(Lindel et a/., 1972). Microaneurysms of the kidney and liver have been 
described in patients who take amphetamines intravenously. 

Direct intra-arterial injection may result in embolization of particu- 
late matter to peripheral blood vessels. This, in association with super- 
imposed thrombosis, infection, or foreign body reaction, may cause vas- 
cular obstruction in the arterial system at a site distant from injection; 
particulate embolization has a predominant role in the production of 
tissue ischemia. 

Most of the pulmonary emboli associated with drug abuse are septic 
and have their origin from either an infected subcutaneous, intramuscu- 
lar, or intravenous injection site or infective endocarditis of either the tri- 
cuspid or pulmonic valve. The embolic material from the injection site 
and that from right heart endocarditis is usually bacterial. Septic pulmo- 
nary emboli are common enough in drug addicts to give rise to the radi- 
ographic picture called “mainliner’s lung” consisting of multipie, bilater- 
al, pulmonary lesions. 
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Vascular changes resembling necrotizing angiitis have been demon- 
strated pathologically and radiographically in patients abusing various 
drugs or drug combinations that often contain methamphetamine (Citron 
et al., 1970). A serious necrotizing angiitis having the clinical and histo- 
pathological characteristics of periarteritis nodosa with severe renal, gas- 
trointestinal, and cardiac involvement has been described in association 
with the intravenous use of methamphetamine (Citron ef a/., 1970). The 
clinical manifestations depend on the intensity of the reaction, the distri- 
bution and location of the lesions as well as the duration of the disease. 
The persistence of the etiological agent in the body appears to bear on 
the progress of the disease. Pancreatitis, synovitis, renal failure, hyperten- 
sion, recurrent pulmonary edema, peripheral neuropathy, arthralgias, and 
myalgias have been common. The patients have also shown a deteriora- 
tion of visual acuity, apparently because of retinal angiitis. Methamphet- 
amine alone or in combination with heroin is commonly used by these 
patients. 

Stimulation of ACTH production occurs following administration of 
amphetamines and this may interfere with measured ACTH values 
(Besser ef a/l., 1969). Drugs may damage muscular tissue in several ways. 
Rapidly progressive multiple mononeuropathy, possibly on an allergic 
basis, has been reported. Biopsied specimens of the sural nerve and gas- 
trocnemius muscle disclosed a necrotizing angiitis involving the medium 
and small sized muscular arteries, arterioles, veins, and venules. Destruc- 
tion of the elastica with microaneurysm formation and thrombi was su- 
perimposed on regions of necrosis. The changes were typical of hyper- 
sensitivity-type angiopathy and seemed related to methamphetamine, 
since this was the only drug in use. However, adulterants could have 
played a role as pathogenic factors. 

Muscle damage, functional or anatomical, or both, may occur as a 
rare adverse effect of amphetamine abuse. It is a feature of drug-induced 
myasthenia and myopathy. The i jury may be primary, due to a direct 
action of the drug on muscle tissue, muscle metabolic enzymes, or neuro- 
muscular transmitters; or secondary, when it follows hypokalaemia in- 
duced by the drug concerned (Kendrick ef a/., 1977). It is also a feature 
of polymyositis, and dermatomyositis disorders occasionally precipitated 
by drug allergy. When muscle necrosis is minimal, it may manifest itself 
only by myalgia or a rise in the concentration of serum enzymes origi- 
nating in muscle, or both, but when it is very severe myoglobinuria may 
occur. Some mild cases of drug-induced myalgia which have either 
shown no electromyographic or biochemical abnormality or have not yet 
been studied in this way may possibly have underlying functional or ana- 
tomical lesions, or both. 

A more severe form of necrotizing myopathy, known as rhabdo- 
myolysis and usually accompanied by myoglobinuria, may be caused by 
any of the drugs that produce an acute or subacute painful myopathy 
(Kendrick ef al., 1977). However, the disorder is most often seen with 
drugs of abuse such as opiates, amphetamines, phencyclidine and alcohol. 
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The onset is acute with severe muscle pain, tenderness, and swelling. 
Generalized weakness is often found, the proximal muscles being more 
severely affected than the distal, and patients may be areflexic. Seizures 
and coma or depression of the level of consciousness may occur and 
about half the cases develop acute renal failure secondary to acute tubu- 
lar necrosis. Serum muscle enzymes and myoglobin levels are grossly 
elevated and electromyography in the acute phase shows myopathic 
changes frequently associated with increased spontaneous insertional ac- 
tivity due to surface membrane damage. Biopsy at this stage may show 
severe necrosis, with nearly every muscle fiber in the section destroyed. 
However, in milder cases the changes may be slight with scattered focal 
necrosis, phagocytosis, and degeneration. Inflammatory infiltrates may 
also be seen. 

Injected amphetamines may affect the liver directly and also alter 
immunoglobulin production (Davis et a/., 1970). 

A generally poor state of health and lowered resistance to disease is 
common among heavy users. Their condition is usually due to such indi- 
rect effects as poor nutrition, postponement of adequate medical treat- 
ment, and insufficient sleep. 

Frequent injection of methamphetamine can result in communicable 
and potentially serious diseases such as viral hepatitis, septicemia, ac- 
quired immune deficiency syndrome (AIDS), and bacterial endocarditis. 
The latter is one of the most common and serious septic complications of 
parenteral drug abuse. In contrast to the commonly taught presentation 
of endocarditis as a subacute disease, the heroin or amphetamine user 
usually presents with the syndrome of acute endocarditis (Tuazon, ef a/., 
1975). The tricuspid valve is almost always involved, murmurs are fre- 
quently absent, and such patients present simply as staphylococcal septi- 
cemia. Pulmonary findings in the form of infiltrates or typical septic 
emboli, in the absence of peripheral venous disease, are common. 

Various other secondary septic complications can result from septi- 
cemia with the staphylococci. For example, meningitis, septic arthritis, 
osteomyelitis, and metastatic abscesses to the brain, kidneys, spleen, and 
liver as well as mycotic aneurysms are often encountered. Involved heart 
valves are rapidly destroyed and congestive heart failure may progress 
quickly. Arrhythmias are common and infarction secondary to coronary 
emboli as well as myocardial abscesses may cause sudden death. It is 
widely recognized that drugs can produce nasal obstruction, nasal bleed- 
ing, and anosmia. 

Amphetamines lose vasoconstrictor activity if used over a long 
period, and produce an increasing amount of after-congestion. The 
chronic and often severe mucosal swelling thus produced can cause ex- 
treme narrowing of the nasal passages. Many patients obtain relief from 
thei: obstruction within a short time after stopping the drugs (Wilson 
~ and Schild, 1968). 

A high incidence of caries has been observed in amphetamine abus- 
ers and this is due to both the reduced salivary flow rate and a decrease 
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in salivary calcium and phosphate concentrations (DiGugno ef a/., 1981). 


Mortality 

Deaths reported in the literature from acute overdose of amphet- 
amines were directly caused by acute cardiac failure, hyperthermia and 
rupture or collapse of blood ves: ls in the brain. More frequent deaths 
have been caused by complications of intravenous administration (bacte- 
rial and viral infections, angiitis, etc.) and by pathologic conditions unre- 
lated to specific actions of amphetamines but probably attributable to dis- 
ease indirectly resulting from lifestyle. Numerous violent case reports of 
accidents, homicides and suicides have been attributed to amphetamine 
psychosis. Homicide victims often range from relatives and co-users to 
complete strangers. Heavy intoxication and a withdrawal syndrome are 
responsible for successful and attempted suicides. The number of un- 
known amphetamine-linked deaths from various causes may be, however, 
fairly high. 


Meperidine and Fentanyl Analogues 


Drugs classified as narcotic analgesics may be naturally-occurring, 
semi-synthetic, or wholly synthetic like meperidine (pethidine), fentany] 
and their analogues. The primary pharmacological action for which nar- 
cotic drugs are administered is their ability to reduce sensitivity and 
emotional response to pain. At the weaker end of the scale are such 
drugs as meperidine analogues, 10 to 12.5 percent the potency of mor- 
phine as an analgesic. Their duration of action is from two to four hours 
and is retained when administered orally. At the other end of the scale 
are such drugs as fentanyl and its analogues. Fentanyl is 80 to 100 times 
more potent than morphine as an analgesic with a duration of action 
shorter than morphine and meperidine. Tolerance and both physical and 
psychological dependence can develop with long term meperidine and 
fentanyl use. Both meperidine and fentanyl are commonly reported drugs 
of abuse among physicians and nurses. A few deaths among anesthesiol- 
ogists have been attributed to overdose of fentanyl, primarily used as 
premedication in anesthesia, and as an analgesic following surgery. 

Over the past few years potent congeners of meperidine (MPPP and 
PEPAP) and fentanyl (alpha-methylfentanyl, para-fluorofentanyl and 
others) have been designed to circumvent drug laws and have surfaced 
on the streets of North America. 


CNS Effects 

The effects of short-term use of low doses of meperidine include: 
suppression of the sensation of and emotional response to pain; euphoria; 
mild clouding of mental function, drowsiness, lightheadedness, dizziness; 
mild depression and anxiety; visual disturbances; occasionally headache; 
reduced libido (Cox et al., 1987). 

Intensified effects may occur as the dose increases and include: sen- 
sitivity-decrease to painful stimuli; greater probability of sleep; ability-im- 
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pairment to concentrate; pupillary dilation; occasionally CNS excitation 
manifested by muscle twitches and tremors. 

The effects of short-term use of fentanyl are similar to those of other 
narcotic analgesics, although muscle rigidity and respiratory depression 
occur when the drug is rapidly injected via the intravenous route. 

The effects of long-term use of meperidine are similar to those pro- 
duced by most other narcotic analgesics (Cox et al, 1987). At high pro- 
longed daily doses (1-3 grams), agitation, toxic psychosis including hallu- 
cinations, seizures, persistent muscular twitches, tremors, hyperactive re- 
flexes, and round skin scars on the arms have been observed. Within 
three hours after the last dose, mild withdrawal symptoms begin to 
appear. 

When large doses are administered at short intervals the EEG shows 
changes characterized by low-frequency, high-amplitude waves, and ab- 
normal slow wave activity persists even after development of tolerance. 
EEG evidence of convulsive activity has been reported in animals with 
larger doses of meperidine. 

The hallucinogenic CNS effects of the meperidine analogues 
(MPPP, MPTP, PEPAP, JB compounds) are reported in the paragraph 
concerning the hallucinogens. 


Miscellaneous Effects 

The complications induced by meperidine and fentany! are similar to 
those produced by most other narcotic analgesics. Like morphine these 
drugs depress respiration (rate, minute volume), stimulate the chemore- 
ceptor trigger zone (CTZ) of the medulla, producing nausea, dry mouth 
and vomiting, and constrict smooth muscles of the ureter and biliary 
tract. The respiratory depressant effect is antagonized by narcotic an- 
tagonists (e.g., nalorphine, naloxone). 

Cardiovascular effects of meperidine and fentanyl are essentially 
similar to those of morphine (Jaffe and Martin, 1975). 

Fentanyl abusers have been known to take high doses with conse- 
quent effects similar to those of other narcotic analgesics and more sig- 
nificant respiratory depression is the principal danger following over- 
dose. 

Muscle damage, functional and anatomical, such as severe fibrosis 
and contracture, may also accompany repeated intramuscular injections 
(Foster, 1974; Blain and Lane, 1983; Blain, 1984). Severe and irreversible 
symptons clinically identical to those of Parkinson’s disease may occur 
after several days of consecutive injection or snorting of MPTP (1- 
methyl-4-phenyl-1,2,5,6-tetrahydropyridine), a contaminant of MPPP (1- 
methyl-4-phenyl-4-propionoxypiperidine), the latter also called “synthet- 
ic” heroin (Cox et al., 1987). 

MPPP, MPTP, PEPAP and JB meperidine derivatives are synthetic 
substances which closely resemble meperidine in chemical structure with 
more powerful effects. Although animal studies suggest that MPTP is 
devoid of opiate properties, it can produce, by injection or passive vapor 
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inhalation and adsorption through the skin, highly damaging effects such 
as; slowed voluntary motor functioning to almost total immobility, diffi- 
culty in vocalizing, increase in muscle tone, rigidity, flexed posture, 
tremor, drooling and flattened facial expression. Quite high doses of anti- 
parkinsonism drugs are required for sympiom control and the disease 
may reveal itself years after exposure to MPTP (Langston and Ballard, 
1983). 


Mortality 

At very high doses (i.e., overdose) meperidine can produce disorien- 
tation, hallucinations, grand mal seizures, deep sleep possibly progressing 
to stupor or coma, shallow and markedly slowed breathing, slow heart 
rate, low blood pressure, cyanosis, low body temperature, flaccidity of 
skeletal muscles and cold and clammy skin. Death from respiratory de- 
pression and cardiac arrest is induced by both meperidine and fentany| 
and their congeners. The risk of fatal overdose appears to be greatest 
among users not tolerant to the toxic effects of meperidine congeners and 
of alphamethylfentanyl (AMF), para-flurofentanyl (PFF) and other fen- 
tanyl analogues, which do appear to be adequate substitutes for heroin. 


Methaqualone 


Methaqualone, originally introduced in 1951 as an antimalarial drug, 
and mecloqualone are quinazoline derivatives which possess sedative- 
hypnotic activity similar to that of short-acting barbiturates and chlordia- 
zepoxide, and cause a sensual and somewhat euphoric state. 

Prolonged use of methaqualone leads to development of tolerance 
and crosstolerance to other drugs with similar psychoactive effects and 
psychological and physical dependence. Abrupt cessation of methaqua- 
lone use in persons with a history of daily ingestion of 1.5 to 2 grams for 
several months causes withdrawal symptons characterized by restless- 
ness, mental confusion, visual hallucinations, brisk reflexes, tremor, hy- 
perthermia, generalized convulsions and delirium. Because of the poten- 
tial for fatal convulsions occurring during sudden withdrawal, this drug is 
more dangerous than other sedative-hypnotics capable of producing 
physical dependence. 


CNS Effects 

The effects of the short-term use of methaqualone at low doses in- 
clude: feelings of calmness and relaxation; drowsiness; dizziness, fatigue, 
or lethargy; restlessness, anxiety and prickling, tingling, or burning sensa- 
tions or numbness of the extremities and headache (Cox et ai., 1987). 

At higher dose levels the following effects may occur: mellow, sen- 
sual, and dissociative “high” effect, reportedly similar to that produced 
by heroin; drowsiness and sleep; general numbness or tingling sensation 
throughout the body, motor incoordination, slurred speech, muscle 
weakness, weakness of the knees and ankles, tremors, muscle spasms, 
restlessness and disorientation which may result in severe agitation or 
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panic. Some users continue to experience several of these effects for up 
to 24 hours or, in a few instances, longer. 

At higher doses, the respiratory depression produced by methaqua- 
lone is usually not as great as that produced by the barbiturates and most 
other sedative/hypnotics. However, when methaqualone is taken in com- 
bination with any of these drugs, life-threatening effects are intensified. 
Tremor of the hands and legs as well as muscular rigidity of the limbs 
has been observed in some cases of overdose. 


It has been reported that the effects of long-term use of methaqua- 
lone are probably similar to those produced by long-term abuse of barbi- 
turates and include impairment of cognitive and motor functions, visual 
disturbances, emotional instability, sleep dysfuntions including frequent 
insomnia, and fatigue (Cox et a/., 1987). 


High dose abuse of the combination of methaqualone and diphenhy- 
dramine (Mandrax) has induced an acute toxic psychotic state character- 
ized by delusions, hallucinations, disorientation and confusion which dis- 
appears within two to three days. 


Methaqualone can alter the ‘“‘man-machine interaction” that applies 
not only to the action and skills involved in driving a car, but to the 
operation of complex machinery. Laboratory studies and equaiiy sound 
epidemiological investigations performed on sedative-hypnotics show 
that methaqualone use may more than double the risk of traffic acci- 
dents, and a number of fatalities have been attributed to the combined 
intake of methaqualone and small amounts of alcohol. 


Miscellaneous Effects 

Further side effects of low and high doses of methaqualone include: 
abnormally rapid heart rate; mild to moderate respiratory depression; dry 
mouth, loss of appetite, nausea and vomiting, stomach discomfort, and 
diarrhea; sweating and hangover; and profuse sweating, and chills. 

A sensorimotor neuropathy may occur in long-term abusers of 
methaqualone. Sensory or sensorimotor distal polyneuropathies are prob- 
ably the most commonly encountered drug-induced neuropathy. 

Abusers display the classical symptoms and signs of a mixed periph- 
eral neuropathy. They complain of a symmetrical distal sensory loss, 
often more severe in the lower limbs and characterized by glove and 
stocking distribution. There may be painful dysaesthesial and depressed 
tendon reflexes. 

Xanthopsia, red and green vision have been described in patients on 
methaqualone (Davidson, 1973). Diplopia is a commonly noted adverse 
effect of methaqualone abuse but it is difficult to determine whether it 
was caused by an extra-ocular muscle palsy or by the breakdown of a 
phoria. Probably in most instances the drug caused a breakdown of a 
phoria through its effect on central fixation reflexes (Davidson, 1973). 
Bullous eruptions have been observed in abusers of methaqualone and di- 
phenhydramine (Pinkus, 1971). 
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Mortality 

In addition to serious injuries and traffic fatalities often reported 
deaths have been attributed to the combined intake of methaqualone and 
alcohol and other depressant agents. In severe poisonings (manifested by 
coma, hypertonicity, hyperreflexia, myoclonia and grand mal seizures) 
spontaneous vomiting and accumulation of fluids in the blood vessels can 
result in obstruction of the respiratory pathway, abnormally rapid heart 
rate and impairment of liver and kidney. Shock and respiratory arrest 
also occur although the severity of cardiovascular and respiratory de- 
pression is not comparable with that produced by barbiturate overdose. 


Processing Impurities in Clandestine Drugs 


The well-established toxic effects produced by some reagents and 
solvents have not been reported as an abuse consequence of clandestine 
drugs commonly available on the illicit market. Apart from a recent 
report on acute lead poisoning in users of illicitly produced methamphet- 
amine (Alcott, 1987), the acute and chronic intoxications hitherto report- 
ed mainly concern domestic, industry, and medical practice accidents or 
voluntary administration in suicide and homicide cases. 

The use of commercial solvents as a means of achieving an intoxi- 
cated state and the widespread abuse of inhalants, such as aliphatic and 
aromatic hydrocarbons, halogenated hydrocarbons, fluorocarbons, ali- 
phatic nitrites, ketones, esters, alcohols, glycols, ethers and gases are not 
relevant to the subject in question (organ toxicity). The changeable 
traces of chemicals sporadically reported in cocaine, heroin (below 
listed) and synthetic clandestine drug seizures are closely tied to variable 
and inefficient manufacturing processes, and significant toxicological ef- 
fects resulting from short or long-term abuse have not been induced. 


Cocaine 


Precursors: Acetonedicarboxylic acid; Benzoic anhydride; Benzoyl 
chloride; Coca leaves; 2,5-Dimethoxytetrahydrofuran; 2,5-Diethoxytetra- 
hydrofuran; Dimethyl-1,3-acetonedicarboxylate; Dimethy] carbonate; Di- 
methyl beta-ketoglutarate; Furan; beta-Ketoglutaric Acid; Methylamine; 
Methylamine hydrochloride; Pyrrole; 

Reagents: Acetic acid; Acetic anhydride; Ammonia (gas); Ammoni- 
um chloride; Ammonium hydroxide; Barium carbonate; Bromine, Calci- 
um carbonate; Disodium phosphate; Hydroxylamine hydrochloride; Mer- 
cury; Nitrogen; Oxalic acid; Potassium permanganate; Raney Nickel; 
Sodium (metal); Sodium amalgam; Sodium bicarbonate; Sodium carbon- 
ate; Sodium hydroxide; Sodium methoxide; Sodium nitrite; Sodium phos- 
phate dibasic; Sodium sulfate anhydrous; Sulfuric acid; 

Solvents: Acetone; Benzene; Chloroform; Ethanol; Ethyl ether; Ker- 
osene; Methanol; Petroleum ether; Xylene. 
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Heroin 


Precursors: Acetic anhydride; Morphine; Opium; 

Reagents: Calcium carbonate; Calcium hydroxide; Charcoal; Hydro- 
chloric acid; Sodium bicarbonate; Sodium carbonate. 

Solvents: Chloroform; Ethanol; Ethyl ether. 
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Behavioral Toxicity of Phencyclidine 


Paul Luisada, M.D. 


Thirty years ago American medical researchers developed a totally 
new kind of anaesthetic, an intravenous drug which produced surgical 
levels of anaesthesia without loss of consciousness. Phencyclidine (PCP) 
or 1-(1-phenylcyclohexyl) piperidine had the additional advantage that it 
tended to raise blood pressure during surgery rather than lower it. After 
some deliberation, a new pharmacologic category was created for the 
drug, it was called a cataleptoid anaesthetic. It was so named because 
animals it was tested on became docile and immobile and it permitted 
surgery without pain and without loss of consciousness. 

Twenty-five years ago, PCP’s short career as a revolutionary an- 
aesthetic ended because too many experimental subjects developed a va- 
riety of serious behavioral abnormalities after surgery. These included 
agitation, assaultiveness, and suicidal thoughts. 

Psychiatrists and psychologists then studied PCP’s effects in normal 
volunteers who were subjected to most of the available psychological 
tests and test situations while under its influence. Most of these apparent- 
ly normal experimental subjects were found to display psychological test 
patterns indistinguishable from those of psychotic schizophrenics. A few 
of these volunteers also became morbid and suicidal. PCP is still the only 
drug which can produce “‘schizophrenia’’ on demand in most apparently 
normal subjects. 

This was the birth of PCP, a drug which was observed from the 
beginning to affect different animal species in strikingly different ways; 
cats became catatonic, but rats became ferocious. When it was first used 
in humans, its effects on different individuals were also strikingly vari- 
able; all experienced anaesthesia, but some became violent, others serene. 
Because of this, the drug’s original trade name was Sernyl, and its first 
street name was “the Peace Pill”. 

Three decades later, PCP is the street drug best known for its ability 
to cause violent behavior in users. PCP’s street names have continued to 
multiply for fifteen years, and the diversity of these names reflects the 
variability of its effects. PCP’s names also reflect the paradoxical ways it 
changes human behavior; at the present time it may be purchased from 
dealers by asking for either ““Love Boat” or “Killer Weed”’. 


Characteristics and Effects of PCP 


How can a single drug have such apparently contradictory effects? 
PCP is different from most other drugs because its effects depend greatly 
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on the unique but individual sensitivity of each user, There is no simple 
way to describe PCP's behavioral effects, and no way of predicting its 
effects on an individual before it is taken. 

Recent studies have suggested that a better category for it is a sym- 
pathomimetic anaesthetic. It has been shown that one end of the pretzel- 
shaped PCP molecule has sympathomimetic actions in the brain similar 
to those of amphetamine or cocaine, while the other end has anaesthetic 
effects like those of morphine, If PCP is considered in this way, as a 
single drug which is somewhat like a simultaneous injection of speed 
(methamphetamine), cocaine and heroin, its behavioral effects become 
easier to understand. 

PCP’s sympathomimetic effects can be euphoric, dysphoric or psy- 
chotic. Whether a given user experiences a euphoric, dysphoric or psy- 
chotic response depends on his individual biochemistry. Most users expe- 
rience a mixture of these effects, and for the majority of users the predo- 
minent effect is euphoria. 

A user with a euphoric response to PCP has subjective feelings of 
euphoria and well-being. There is an enhanced sense of control and 
power, and a sense of omnipotence and invulnerability. Objectively, 
these individuals show increased alertness, almost hyper-alertness, and an 
increase in motor activity. They feel unusually strong, and they are be- 
cause of some direct effects of the drug on the muscles. These individ- 
uals also show increased risk-taking behavior, increased aggressiveness 
and sometimes irritability, paranoia and assaultiveness. 

A smaller proportion of users experience the dysphoric response. 
Subjectively, their thoughts show a morbid preoccupation, their pre- 
dominant mood is depression, and their hyper-alertness is in the service 
of paranoid ideas. Objectively, they may be extremely anxious or irrita- 
ble and withdrawn. They may engage in behavior which is self-mutilat- 
ing, suicidal or assaultive. 

A few PCP users experi nce the psychotic response. Subjectively, 
there are auditory and occasionally visual hallucinations, the formation 
of delusions which may be paranoid and are often bizarre. Their 
thoughts become disorganized, their attention span brief. Objectively, 
speech becomes disorganized with loosening of associations, blocking 
and formal thought disorder. Behavior and dress may become bizarre. 
Agitation, with assaultiveness or destructive behavior may occur in the 
presence of others, but isolation and the reduction of stimulation have a 
calming effect. 

Although the euphoric and dysphoric responses to PCP usually last 
several hours, which is about as long as the individual remains intoxicat- 
ed, the psychotic reaction usually persists for several days, and usually 
becomes more severe over the first two or three days. Individuals with 
PCP psychoses usually require psychiatric hospitalization. Those with 
prior histories of psychotic or schizophrenic illness are especially vulner- 
able to the long-lasting PCP psychosis. 

The anaesthetic effect of PCP is experienced by all users, but its in- 
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tensity is dependent on the dose. Subjectively, there is a feeling of numb- 
ness, warmth and sometimes floating, in addition to insensitivity to pain 
and cold, Objectively, there is apparent indifference to physical pain, and 
a tendency to undress even in the coldest weather. 

Among abused drugs in the United States, PCP is without equal in 
what Burns and Lerner have termed its “behavioral toxicity”. That is in- 
stead of damaging the user's body through physical illness or chemical 
toxicity, PCP induces behavior which is dangerous not only to the user, 
but also to those near him. PCP is distinct from all other drugs in this 
respect. 

It is important to emphasize that PCP does not produce violent be- 
havior in all users, or even in a majority of them. The behavior PCP 
produces in an individual in an expression of that individual's unique re- 
action to the drug, and cannot be predicted in advance. However, the 
particular behavioral response produced in an individual user usually 
occurs again the next time the drug is administered. Thus, the behavioral 
response is a characteristic of the user, and not the drug. 

Although violent reactions occur in a minority of users, if PCP use 
becomes widespread in a population, the number of violent incidents will 
increase, because a larger number of sensitive individuals with this re- 
sponse pattern become exposed to the drug. 

Dangerous behavior from PCP use falls into three categories: 


1. Accidents due to impaired judgement. 
2. Violence towards others. 
3. Violence the user directs towards himself. 


The profound impairment of judgement which occurs in the PCP 
user makes him significantly more prone to accidental injury or death 
than occurs with other drugs. For example, a young woman in California 
drowned in a swimming pool after keeping herself underwater because 
she thought she could breathe underwater. A 25 year old man in Wash- 
ington, D.C. sustained serious injury after deliberately driving his car 
into a brick wall. He later said that he believed he would simply smash 
through the wall unscathed. 

Accidents and deaths occur primarily to those users who experience 
the euphoric response to the drug. Their common clements appear to be 
the unfortunate combination of impaired judgement and euphoric risk- 
taking with anaesthesia and delusions. 

When these effects are combined with the paranoia. irritability, and 
hyper-alertness experienced by some individuals, vioience toward others 
is sometimes the result. For example, a paranoid user may becoine vio- 
lently assaultive towards other people near him if he perceives them as 
threatening. Several cases have been seen in which armed police officers 
have been attacked by unarmed users when they approached them for 
such minor matters as to issue a traffic ticket. The violence extends to 
family members, such as spouses, parents and children. For example, in 
1986, a mother in a Washington suburb murdered her child while under 
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the influence of PCP, believing that the child's crying meant it had 
become a demon. 

The third category of dangerous behavior which may be induced by 
PCP is deliberately directed at the user himself, and includes self-destruc- 
tive and self-mutilating acts. The majority of these are suicide attempts. 
These are most common in individuals who experience a dysphoric reac- 
tion to the drug, and the methods of suicide chosen tend to be violent 
and often painful. Our impression derived from interviewing survivors is 
that jumping from high places seems to be a particularly attractive 
method of suicide. For example in the winter of 1986, a 22 year old car- 
penter walked barefoot for several miles through snow until he reached a 
40-foot high railroad signal tower and jumped off. He sustained a frac- 
tured skull, leg and back injuries, but was able to crawl along the rail- 
road tracks for some distance until he was found. He was hospitalized 
for a month recovering from his injuries. Eight months later he was hos- 
pitalized in a psychiatric facility by his girlfriend after he used PCP 
again and told her he was getting a firearm to commit suicide. 

Self-mutilating acts are among the most bizarre of the violent acts 
which have been reported as having occurred under the influence of 
PCP. The self-mutilation usually consists of amputations of limbs, sense 
organs, fingers or genitalia with cutting implements. Self-inflicted superfi- 
cial cuts of the body or extremities appear to be less common. 

Chronic PCP users and their behavior were first described by Burns 
and Lerner. These individual take the drug on a daily (or more frequent) 
basis for several weeks to several months. The usage pattern in these per- 
sons resembles one seen in some amphetamine and cocaine users. Periods 
of heavy use alternate with periods of abstinence. 

During periods of abstinence, PCP users are initially very lethargic 
and sleep much of the time. They complain of slowed thinking, poor 
concentration, severe fatigue, and impaired memory. They are nearly 
always depressed, are often preoccupied with suicidal thoughts, and 
sometimes make suicide attempts. Cognitive impairment is moderate to 
severe, and the clinical picture makes these patients appear brain-dam- 
aged. Their ability to utilize treatment at this point is severely limited by 
their cognitive impairment. In the absence of further exposure to PCP, 
this behavioral syndrome slowly reverses itself spontaneously over an ex- 
tended period. Whether complete recovery of function occurs after suffi- 
ciently prolonged abstinence, and whether antidepressants or dopaminer- 
gic drugs will prove to be useful in the treatment of this syndrome, are 
questions which require further study. 

Chronic PCP users are nearly always those who experience a eu- 
phoric response to PCP. This seems to be a matter of self-selection, since 
those with dysphoric or psychotic reactions to the drug are less likely to 
repeat the experience. During periods of PCP use, chronic users are 
comparatively functional, but occasionally become psychotic. They seek 
employment as day laborers, painters, or construction workers. Chronic 
PCP users in the Washington, D.C. area often sell PCP as a means of 
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ensuring a constant supply of the drug. 

Although PCP does not appear to be addictive in the same sense as 
the opiates, sedatives or alcohol, chronic PCP use shows some similari- 
ues. Chronic users gradually increase their daily consumption of the 
drug, but do not do so beyond a specific limit, If drug use ceases, they 
enter the depressed, lethargic state described previously, and this can be 
reversed by resuming drug use. Thus, PCP’s withdrawal syndrome is de- 
pression and cognitive impairment, and the user continues his drug- 
taking to avert the withdrawal symptoms. On the other hand, most per- 
sons exposed to PCP use the drug intermittently, and only a very small 
fraction of these become “addicted”, if it is appropriate to apply that 
term to designate the regular daily user. 


Conclusion 


PCP is a unique synthetic drug because of its “behavioral toxicity”. 
That is: its ability to induce behavior in users which is dangerous not 
only to the user but also to those around him. The specific behavior is 
highly variable and is dependent on the user’s sensitivity to the drug. 
The mentally ill are particularly vulnerable to PCP’s behavioral toxicity. 

If PCP is an example of the effects of the trend toward the in- 
creased abuse of synthetic psychoactive substances, then this trend clear- 
ly poses a growing danger. The behavioral toxicity of PCP is an object 
lesson in how drug abuse is now beginning to hurt those in society 
whose only involvement with the drug user was being physically near 
him. 
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Developing Indicators of Illicit Use of 
Analogues and Similar Abuse Patterns 


Prof. Dr. med. Wolfram Keup 


Summary 


Acute and often important changes in the field of substance abuse, 
such as the appearance of new compounds such as the controlled sub- 
stance analogues, the occurrence of new combinations, intravenous abuse 
of oral medications, etc., escape the attention of authorities for too long 
unless the abuse scene is observed closely and continuously by a capable 
year-round monitoring system. This is demonstrated with the help of the 
Substance Abuse Warning System (SAWS) which has been in operation 
in the Federal Republic of Germany (FRG) for more than 10 years. The 
characteristics and requirements of such a monitoring system on an inter- 
national basis for use by global health and other organizations are de- 
scribed. Its application to three e.amples are described in detail: (1) An 
epidemic of buprenorphine abuse and addiction, (2) developmental 
changes of cocaine abuse, and (3) first signs of the abuse of controlled 
substance analogues (‘designer drugs’’) in the FRG. The global applica- 
tion of a similar monitoring system on a common worldwide basis, need- 
ing to be simple, inexpensive, adaptable to developing and industrialized 
countries, varying educational levels as well as other local conditions, is 
recommended. 


Introduction 


Up to 25 years ago there have been worldwide, relatively stable conditions 
concerning substance abuse; shifts occurred slowly. But since that time profound 
changes have occurred. Historically, it seems that phases of stability in this respect 
alternate with others of profound instability , according to some historians in cycles 
of about 25 years. 

In order to effectively counter undesirable changes, reliable informa- 
tion gathering on all possible detail on such changes is of the essence. 
The appearance of controlled substance analogues, the so-called ‘“‘design- 
er drugs”, has shown that illicit manufacturers have learned to effective- 
ly utilize the slowness of national and international authorities in schedul- 
ing drugs for their own criminal purposes. 

Authorities bear great responsibility; they are restricted by existing 
laws which to adapt to new requirements take relatively long times. But 
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first of all they need hard facts in order to move this heavy machinery. 
But hard facts representative for the area usually are not at all available 
immediately after new patterns or new substances appear, since in the be- 
ginning case frequencies are low. Statistically relevant data usually 
become available only when epidemiological proportions of the particu- 
lar abuse have already been reached, and when blocking the particular 
development already has become difficult or even impossible. 

To help avoid any such undue delay two changes might be sug- 
gested: 

1. The spread of legal reaction should be increased, reacting eased, 
and new legal ways should be explored. 

2. Data collection should be improved so that (1) faster registration 
of changes by continous monitoring of the abuse scene is assured, (2) 
internationally comparable data is obtained, and (3) animal investigations 
concerning the abuse potential of medical substances are confirmed, sup- 
plemented and, if necessary, corrected. 

If properly used, the abuse scene, for medical drugs as well as for 
street drugs, seems an excellent proving ground, a kind of “voluntary” 
mass experiment for obtaining practical data on the potential for abuse as 
well as possible abuse patterns of chemical substances in humans. It was 
Abraham Wikler who said the ultimate test for the abuse potential of a 
given new preparation starts only when the preparation is marketed. 

Systems responding to such requirements are available in at least a 
number of countries. The Finnish system and the combination of Client 
Oriented Data Acquisition Process (CODAP), DAWN and STRIDE in 
the USA are good exauiples. The most serious drawnback of the existing 
systems is that they are not comparable with each other, mostly by dif- 
fering data bases as well as varying approaches. Some systems are selec- 
tive and many do not follow the rules of random access. They might 
favor certain groups, such as street addicts, neglecting medical drugs and 
the abuse of alcohol. They might record the first and most important 
substances only which are considered to have caused the emergency 
room treatment in a case of poisoning. Records may not differentiate be- 
tween simple abuse and dependence. They might not consider the impor- 
tance of the substance reported as to the drug career of the addict 
viewed longitudinally. Often only those substances are recorded to 
which the user has developed dependence, or those which have been 
taken during the past six months, etc. In other systems only selected 
cases are recorded, such as participants in a particular treatment group, 
college students, prison populations, etc. Many social, medico-psychiatric 
and cultural aspects are often not considered. 


Requirements for Recording Changes 


A “‘perfect system’’ responding to all the above requirements would 
be very costly, in money as well as in manpower, so that a compromise 


ought to be sought. The selected system should be practicable and fast, it 
should be reasonably inexpensive and impose modest demands on funds 
and manpower, and it should respond to a number of essential require- 
ments: 


1. Data should be collected as closely as possible to the source of 
information, i.e., the consumer of chemical substances to satisfy the needs 
of dependence and for “recreational” purposes. 


2. A complete record of all substances abused by every person inter- 
viewed should be recorded, so that a full picture of the substance abuse 
career can be drawn. This, as a secondary effect, also has advantages 
concerning treatment. If less important substances are dropped, the be- 
ginning of a particular abuse or pattern of rare types of applications, etc. 
are surely missed and the early warning function of the recording system 
is not fully utilized. 

3. Methods employed by different institutions in different parts of a 
country and, if possible, in different countries should be fully comparable 
and the basic data collection should be standardized in order to allow 
comparison. To the basic set of standard questions, any additional ques- 
tion of local interest may be added. The same holds for research ques- 
tions, items of temporary importance, etc. But epidemiological studies by 
governments, research projects, etc. should use the same set of basic 
questions so that studies can be compared with each other. 

As questions common to all such investigations, the following pa- 
rameters are offered resulting in a full description of the abuse pattern of 
the population studied: 


—Recording of all substances ever used by each person should in- 
clude their sequence and duration of abuse. 

—The age of the person at the time of onset of abuse for each sub- 
stance should be determined. Answers to the two questions above allows 
one to conclude which substance followed which other substance which 
supports some conclusions on the potential for abuse. 

—The main substance group to which the abuser belongs should be 
determined (alcohol, medical drugs, street drugs). It is essential to know 
whether a particular medical drug has been abused by a person with al- 
cohol problems (e.g. to boost the alcohol effect) or by a medical drug 
abuser who also abuses alcohol, etc. 

—Abuse pattern as to “trial only’’, “occasional”, “regular’’ abuse 

—Dependence (the definition of which must be standardized) 

—Dose level reached for each substance 

—Relative preference, resulting in a list of ail substances in sequence 
of overall individual desirability 

—Source of supply for each substance (pharmacy, prescribing physi- 
cian, dealer, etc.) 

—Some basic social data together with sex and age 


4. Other methodological requirements for a flexible yet reliable re- 
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cording system are: 

—Some systems collect data from all patients treated in facilities for 
persons with substance abuse throughout the country. Effort and costs 
are considerable. It is often sufficient to carefully select a representative 
sample of facilities for the co!’ ction of data in a way that they cover 
North and South, rural and urban areas, wine-growing and beer-drinking 
areas as well as the different types of institutions such as university clin- 
ics, mental hospitals, private hospitals, clinics specializing in the treat- 
ment of addicts, etc. 

—The selection of the type of contact the selected facilities have 
with the clients is another important concern. A streetworker with direct 
contact with the drug scene, a social worker in a shelter for the homeless 
or a psychologist in an outpatient service for persons wiih substance 
abuse problems might be considered to be the best sources of informa- 
tion, since they have close contact with those suffering from dependence. 
But would the addicts tell them the truth? They rarely will. They have 
good reasons to fear confrontation with the law’ and their probation offi- 
cer or to lose benefits, welfare-payments, etc. Those patients, however, 
being motivated for treatment and newly admitted to the treatment facili- 
t. directly from the scene or from skid-row, have good reasons to be as 
h nest as they can be. In our experience, they are not only frank and 
hardly hide facts but at times must even be watched for a tendency to 
brag about their many experiences. The best moment of interrogation in 
the course of a substance abuse career coincides with the availability of 
well trained and patient investigators among therapists. Thus, indeed, 
best results are obtained in interviews of newly admitted patients with 
substance abuse problems in in-patient facilities. 

—In addition, it is imperative that the data are collected under all 
precautions of data protection, are kept anonymous, and do not become 
part of the patient’s case history. 

—A representative sample for the country and the area respectively 
must be collected. The rules of random selection must be followed. It is, 
however, possible to limit the size of the group interrogated. In most de- 
veloped Western countries, alcohol problems are so frequent that pa- 
tients with alcohol dependence are so numerous that their numbers have 
to be restricted. Randomization then, is achieved only within the 
groups of patients with alcohol, medical drugs and street drugs, respec- 
tively. 

—The statistical methods, computer software and hardware should 
be kept simple in order to assure that developing countries can partici- 
pate in such a data exchange. 


SAWS as an Example of a Fast Recording System 


The Substance Abuse Warning System (SAWS) responds to the 
above-mentioned basic demands (Keup, 1977; 1983). It is cheap, simple, 
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representative for the country (Federal Republic of Germany) and fast in 
producing results. 

Here is how it works: 

Approximately 20 collaborating institutions, mostly hospitals for the 
treatment of patients with substance abuse problems, university psychiat- 
ric hospitals, large mental hospitals and also smaller private hospitals, a 
“pain center’’, a child psychiatric service, etc. have been selected to be, 
as a whole, representative for the country as well as possible. On Janu- 
ary Ist of each year investigators start interviewing all newly admitted 
patients with substance abuse problems and continue until they have 
reached a precalculated quota, determined so as to have them interview 
their last allotted patient at about the same time of the year. Quotas are 
calculated by the previous year’s admissions. They are preset for each of 
the main substance groups. A total of 800 to 900 patients are interviewed 
per year, approximately 300 street drug users, 300 medical drug users 
and 300 patients with alcohol problems of whom 200 have had experi- 
ence with medical and/or street drugs as well. 

In each institution there is usually only one investigator, many of 
these are with the system for many years. They have been trained for the 
job and usually are MD’s or psychologists (with a few exceptions), well 
experienced in the treatment and handling of addicts. 

The interview is conducted in the form of a private conversation. 
The patient’s substance abuse career through all substances and prepara- 
tions ever abused is reproduced on a one “page” questionnaire by the use 
of codes. The questionnaire is completed by the interviewer during the 
conversation, contradictions being discussed with the dependent person 
and excluded from the beginning. For each substance the characteristics 
shown in Table | are obtained. 

The figures and letters in Table | represent the codes used. Some 
sociological data and information on previous treatment are collected as 
well as the sex, age and characteristics classifying the individual in one 
of four main substance abuse groups: (1) alcohol abuse only, (2) alcohol 
with additional medical and/or illegal drugs, (3) medical drugs, and (4) 
illicit street drugs, each possibly in combination with substances of other 
groups. 

In our Central Office those data found to be complete and without 
contradictions are electronically processed. Detailed profiles are drawn 
for each substance yearly. The most recent profile is compared to the past 
profile(s) of the same substance. Any significant deviation causes an alert. 
The changes are then analyzed in detail and, if need be, additional data 
are collected by use of a back-up system which is not randomized. It 
consists of 350 contact addresses of selected practitioners, psychiatric 
hospitals, university clinics, organizations and facilities for the treatment 
of addiction problems, some pharmacologists, emergency treatment units 
and other addressees with direct contact to substance abuse problems in 
the country. Changes which can be substantiated are reported to the 
Health Authority of the Government as soon as they appear. Collected 
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et tt iii titi tit it 


First psy. treatment ____—_—years/ __ mos. ago. Present treatment is the first ( ), sex: Of ). of ) 


Number of treatments due to drug abuse or its sequelae: as out-patient _ aS in-patient 


copied from supplementary questionnaire 


AY 3 


Table 1 
Abuse of chemical substances SAWS-System-Main questionnaire 


Main also: 
substance Pp?) A) M ) D both 


Alcohol 


Meddrugs 
Drugs (ill) 


on — 


Pertinent Group 


1 2 3 4 5 


Alcohol! 
Nicotine 


Sniff - 
Ing 


Anaigesics Sedative/ 


hypnotics 


+ 
Tranquilizers Opiates 


Morphin 
Heroin 


Morph 
relat 


Stimulants 


Cocaine 
Hashish 


LSD 


Other 
Halluc 


Other 
Substanc 


A—Names of substances/preparations/ 
drugs (Name and x) 


leave open 


B—Year when substance was first used 


C—Age at first drug uptake (years) 


D—Abuse Pattern 
*Sampled (J) 
eOccasionally abused: past (2a) 
at time of present therapy start (2b) 
eRegularly abused: past (3a) 
at time of present therapy start (3b) 


E—How often sampled? 


F—How often used occasionally? 


G—Duration of regular abuse (months) 


H—Frequency of drug taking. 
monthly/less often (a) 
up to several times weekly (6) 
more often/daily (c) 


| 
| 
+ 
aw 
= 


1—Dependence: None (0), past (a), at time of 
pres. therap. start (b), med judg't (x) 


K—Used: Alone (a), w/friend (6), w/peers (x) 


L—Application orally (0), inhaled (i) 
inject. (Sc, im, iv), Supp (S), other (a) 


M—Highest permanent daily dose: alcohol 
estimate in ml ethanol/day, cig (Z); 
tabl. (T); amp. (A); caps. (K); supp. (S), 
trip (Tr), drops (Tp); g, mg, L, mi, dl, dg 


N—Drug preference: rank (1st, 2nd etc.) 
not liked (x) 


O—Sources of supply: Legal, on market (a) 
Rp (b), friend (c), dealer (d), 
theft in pharmacy (e), other (f) 


P—Abuse this year? (yes = x) 


—— -—T- 4 


—t 


- TN 


Olrwo 


© f. 


Sieiei-icic 


ao . 
OTT T21St Ria 


14 
15 
6 
7 
8 


NN] Oo] ae 
NEC ) 


wl ore] ®@ 


od as se 


| 
| 
qe 


SIS1 R139 


See: Comments on attach. quest. (circle) 
Domicile at time of admission 
with parents ( )1 alone 


Last social status of parents 


laborer 


()1 


self-employed ( )4 


Last social status of patient 


pupil 
apprent. 


( )1 
( )2 


laborer 
employee 


( 4 
( 


No job 


( )7 Prof W Keup 


Return to 


data, minor changes, as well as improvements, are issued in an Annual 
Report. Thus the Government has the possibility to obtain and/or re- 
quest detailed information on any substance or preparation abused in the 
country. 

By the end of 1986 SAWS had collected information on the abuse of 
650 legal and illegal substances and preparations, alcohol and nicotine in- 
cluded, of which 58 percent were of minimal and 26 percent of minor 
importance at that time, but of which 102 (15.7 percent) had reached rel- 
evance and statistical significance (with 30-1790 reports per substance). 


Samples of Application 


The following three examples were selected to demonstrate the ap- 
plicability of such a monitoring system to the early detection of changes 
in patterns of abuse: 

(1) Buprenorphine (Temgesic), as an example of how such a record- 
ing system can follow an upcoming epidemic of abuse finally requiring 
scheduling of the substance. 

(2) Cocaine, as an example of continued recording of the course of a 
growing menace to the country. 

(3) Controlled Substance Analogues, to show how a system like 
SAWS can follow an early, still very low level problem, a topic which is 
of particular interest to this meeting. 


Buprenorphine (Temgesic) 


The thebaine/oripavine analogue and partial agonist buprenorphine 
was admitted to the pharmaceutical market in the FRG in 1980 in the 
form of ampules. The sublingual tablets were introduced in May 1983. In 
February 1982 the first cases of buprenorphine abuse were found and 
registered in SAWS. Abuse started in the area of Munich, then spread, 
by a female abuser moving to that town, to Heidelberg and soon all over 
the country, i.e. within a few months. Mostly, but not solely, street drug 
users were involved (Keup ef a/., 1983; Benos, 1983; Keup, 1984). 

The most essential data of the abuse pattern of buprenorphine are 
shown in Table 2. 

Table 2 shows results obtained from 272 persons with a personal ex- 
perience with buprenorphine abuse, with and without dependence. As 
much as 82.4 percent belonged to the drug scene but only 64.3 percent 
of this group proved to be dependent on buprenorphine, since most of 
the users, particularly at the beginning, took the substance as a substitute 
during a transient lack of money to buy heroin and/or other reasons. In 
contrast, only 14.7 percent of the persons belonged to the group of medi- 
cal drug abusers; they showed a higher dependence quota of 87.2 per- 
cent, which is well within the range of the quotas of other opiates. 
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Table 2 


Abuse Pattern of Buprenorphine (Temgesic): Dependence 
(SAWS-data (Syst. A: N=169, Syst. B: N= 103)/FRG, 1982-July 30, 1987) 


Dependence 
No Yes 

Trial No de- Uncer- No infor- 

only pendence tain mation Total 
Main Substance Abuse Group N N N N % N N % 
Alcohol (+ M/D) ..........:cccccececessesseseeeeeees _ a 1 7 87.5 = 8 29 
Med. drugs (M)............cccccseseeeeeseeeeees — 4 1 34 87.2 1 40 14.7 
Street drugs (D) ............ cece 35 36 4 135 64.3 14 224 82.4 

Total N 35 40 6 176 15 272 100.0 
seeraisieiensemninesegeeeeteeemeneas % 19.6 15.6 23 68.5 


The manufacturer claimed that buprenorphine abuse simply was the 
consequence of a temporary heroin shortage at the “scene” and that the 
addicts would return to heroin as soon as possible. But there were no 
signs of a general shortage of heroin at that time. Furthermore, from 
SAWS data, the random sample of 50 persons with a personal experience 
with both, heroin and buprenorphine, showed the results presented in 
Table 3. 


Table 3 


Preference Given to Either Buprenorphine or Heroin By 
50 Randomly Selected Street Addicts 


(1982-1984; SAWS-data) 


Persons with 
buprenorphine and 
heroin experience 


Judgment of abusers on preference comparing 


uprenorphine and heroin N % 
HEROIN preferred over buprenorphine .................:ce 38 76.8 
BOTH onary TEE TEI 4 8.0 
BUPRENORPHINE preferred over heroin ...................0068 8 16.0 
tt seasesnenssensereensnmenmnenenenenennnneanenenmnememmneneneaianennnes 50 100.0 


The 76 percent of the group preferring heroin over buprenorphine 
did so mostly because they obtained a faster and more intense flash from 
heroin when injecting it intravenously; in comparison buprenorphine is 
said to be slower in onset of “flash” and “feeling” but the effect lasts 
much longer than that of heroin (Keup 1987). Of the group 16 percent 
preferred buprenorphine over heroin for these reasons. Altogether 24 
percent of the group found buprenorphine equal to or better in its de- 
sired effect than heroin. 

Buprenorphine was scheduled in the FRG in the equivalent of 
Schedule II of the Psychotropic Convention of 1971 on September 1, 
1984. Since that time the number of cases of abuse has dropped to near 
zero, with the exception of a very few individuals using illicit imports of 
the substance from Switzerland and other countries. 

From Table 4 the further development of abuse since the time of 
scheduling becomes evident. 

To understand Table 4 it is essential to know that in SAWS both 
past and present abuse are recorded in the two groups with occasional 
and regular abuse, respectively. Present and regular abuse proved most 
frequent up to 1984, then diminished to a trickle. In contrast, past abuse, 
of course, continues to be recorded in the system. Scheduling has been 
fully effective in preventing this type of dependence. 
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Table 4 


Abuse Pattern of Buprenorphine (Temgesic): Frequency 
(SAWS-Syst. A reports only, N= 109, FRG, 1982-" July 30, 1987) 


Abuse pattern 


Occasionally Regularly 
Trial ——- —- No Total 
Reported only inthe Past ‘Present’ inthe Past ‘Present’ Info 
in (year) N N N N N N N % 
ee 1 — -- 1 4 _ 6 3.5 
— eee 5 2 2 _— 15 1 25 14.8 
ee 8 5 2 10 15 — 40 23.7 
9/1/1984 Scheduling in Schedule II/FRG 
SD sepncencunipersneninteieenate 5 21 4 19 7 — 56 33.1 
STI scsisieuatnigaahinnchnueanesies 13 8 - 15 2 — 38 22.5 
ge 1 2 — 1 _ —- 4 24 
N 38 8 46 43 
Total inecneeseenmnnnnans 33 46 ©9 1 169 100.0 
% 19.6 27.4 0 


Table 5 


Abuse of Cocaine in the Three Main-Substance Groups 


(Alcohol Abuse, Medical Drug and Street Drug Abuse) 
Substance Abuse Warning System (SAWS) Data. 1976-Part 1987. (Total interrogated 5,612 Persons With Substance Abuse 
Problems) 


Cocaine Abuse in the Main Substance Abuse Groups 


Alcohol dependence Medical drug dependence Street drug dependence 

Abuse of Abuse of Abuse of 

Persons cocaine Persons cocaine Persons cocaine 

asked ——— asked ——— asked —  — 
Year N N % N N % N N % 

1976-79 ©0000. 803 10 1.2 264 5 1.9 329 124 37.7 
19B2 ooo occcoccccccee, 268 fs) 3.4 336 5 1.5 205 98 47.8 
1983 occ. 249 4 1.6 252 6 2.4 199 137 68.8 
1984 ooo. 264 1 4 242 3 1.2 204 152 74.5 
1): or 284 13 46 173 6 3.5 338 268 79.3 
19B6 ooo ccc. 329 11 3.3 171 2 1.2 324 257 79.3 
(1087)* ...............000. 147 5 3.4 65 2 3.1 165 143 86.7 
TOtal coocccccccccccccccee 2012 40 2.0 1343 25 19 1416 896 63.3 
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Cocaine 


The abuse of cocaine in the FRG has increased gradua’.y during the 
past years, as in most other European countries. There also was regis- 
tered a rather steep increase of seizures of illicit cocaine; but a consider- 
able part of it proved to be “transit cocaine”, passing through the FRG 
on its way to other countries. Seizures then are not fully representative 
of cocaine abuse inthe country, on which data can be obtained only at 
the source, that is the consumers. SAWS in this situation is used as a 
measuring instrument for trends among users (Keup, 1987). 

In this function several parameters of SAWS can be used. Table 5 
shows the degree of personal experience with cocaine among the persons 
interviewed with dependence problems, sudivided into the three main 
substance groups: alcohol problems, medical drug abuse and illicit street 
drug abuse. 

From these data it 1s obvious that there 1s a steep increase of cocaine 
experience among the street drug users. Of the street addicts, 37.7 per- 
cent had had a personal experience with cocaine in 1976-79, but in the 
first half of 1986, a total of 83.0 percent had such an experience. There 
are only a very few cocaine-experienced people found in the groups with 
alcohol and medical drug pro! iems, and there are no significant changes 
in frequency in these two groups over the years. 

Another disquieting finding 1s the increase of regularly continued 
cocaine abuse (see Table 6). 

There is a decrease of those people who have only tried cocaine and 
did not cortinue its abuse in any regular pattern. There also is a decline 
of those using cocaine occasionally, but in turn there is a distinct increase 
of those who abuse cocaine regularly. Here, of course, a market is cre- 
ated, a situation which may become dangerous, should the black market 
price of cocaine decrease. It is well known that competition among deal- 
ers presently stiffens, as a consequence of overproduction in South 
America. 

The following data on the actuality of this type of abuse (Table 7) 
must be viewed jointly with the increase of continuous abuse outlined 
above. 

The two alternatives, “in the past” and “presently”, show a distinct 
shift towards present (at the time of observation), but there might be a 
trend towards the formation of a plateau beginning with 1983. The con- 
clusion is that cocaine abuse in the FRG shows signs of increasing with 
growing numbers of current abusers. 


Controlled Substance Analogues 
The use of chemically altered relatives of scheduled substances 


maintaining the psychological effect of the parent substance, yet making 
it possible due to that chemical alteration to avoid prosecution, has start- 
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Table 6 
Changes in the Pattern of Abuse of Cocaine, 1976-1987 


(SAWS data; total N = 5612) 


Pattern of abuse of cocaine 


Tried only Occasionally Regularly Total 

—_——— ———— —_—_- (100%) 

Year N % N % NW % N 

TED <csceseucencdednsseseneussesgnensecnseen 43 31.4 52 38.0 42 30.6 137 
IIE snentetsinseenecanticentenistntiotineeabiaties 31 28.2 37 33.6 42 38.2 110 
SIE axcctenensenesteasspesnentenenenbaageaaiaveciesn? 34 22.5 49 32.5 68 45.0 151 
IIE cctuesctedeiseteeemmnbernesenenasebeesbeants 26 16.7 49 31.4 81 51.9 156 
iD aderncshnsethosssonsnethennecueninnnateiten 57 19.8 82 28.6 148 51.6 287 
iT sesesiennenenavessensassatamnmneateestneseteeo 47 17.4 55 20.4 168 62.2 270 
IID” cccucscesssveseonvecsonssnessaseeccessoses 16 10.7 46 30.7 88 58.7 150 
Si ccesscesesnsninanesetncnsinten 254 20.2 370 29.3 637 50.5 1261 


part of the year only (N 377) 


SZ 


RF / 


Table 7 


Pattern of Abuse of Cocaine 


Actuality of Abuse at Time of Observation: 
‘In the Past’’ = Abuse had Been Terminated Prior to the Interview With the 
Patient. 
‘Presently’ = Actual Abuse of Cocaine at the Time of Observation. 


Actuality of 
Cocaine abuse: occurring 


—-— : - Total 

“In the past” “Presently” (100%) 

Year % % N 

SII sscaseasnebabusaneeesoess 90.4 9.6 73 
ET seeestinastscuehignsnons 90.0 10.0 40 
1978/79 ooo... 92.0 8.0 25 
ee 81.4 18.6 140 
sae 64.9 35.1 151 
=e 70.5 29.5 156 
SEED vensgsieprentvenessniite 74.1 25.9 287 
SITE ssnsecccsnshesesonaxaen's 75.2 24.8 270 
re 66.0 34.0 150 
Total .......... 74.8 25.2 1292 


Part of the year only (N 377) 


ed to spread from the USA as the country of origin to Canada and a 
very few other countries. Other countries though should be on the alert: 
nowhere can present legislation automatically put such substances under 
narcotic controls. In the FRG the first signs of such abuse have been 
registered at both, the Federal German Office of Criminal Investigation 
(Bundeskriminalamt) and the Substance Abuse Warning System (Fruh- 
warn-System). 

Table 8 shows the relative frequency oi abuse of such illicit sub- 
stances, together with the abuse of their parent substances as well as a 
few other related compounds 

+.4-Methylenedioxyamphetamine (MDA) and 3,4-methylenedioxy- 
methamphetamine (MDMA) are recorded in nine and fourteen SAWS 
reports, respectively. Four persons had experience with both drugs so 
that a total of 19 persons were involved. Both substances are of research 
origin (Shulgin et al., 1969) and have meanwhile been scheduled so that 
they do not exactly belong to the group of “designer drugs”. The same 
holds for 4-bromo-2,5-dimethoxyamphetamine (DOB). Only single re- 
ports have been received on the abuse of trimethoxyamphetamine 
(TMA), related to amphetamine, and of thienylcyclohexylpiperidine 
(TCP), an analogue of phencyclidine (PCP). There have been no reports 
on the abuse of analogues of fentany! and meperidine. Whereas abuse of 
fentanyl! itself is not widespread, the abuse of meperidine has been re- 
corded in 144 cases, starting prior to 1976 and occurring mostly in the 


Table 8 


Controlled substance analogues and 
related substances 
As Reported to SAWS/FRG 1976-1987 (N = 5449) 


Reports as of Degree of First re orted 


Substance name 7/30/87 experience to SAW 
N %* Year 
Fentanyl & ony 
Fentany! ... sapebeisekeeunrisissesicepeno) 4 (<0.1) 1977 
analogues . peseuieeantnanenseenakapeasseeusi — — — _ 
Meperidine & analogues 
Pethidine (Dolanting) .................. 144 2.6 < 1976 
a ee — _ = 
Amphetamine derivatives 
(DOM, STP) ooo... 32 0.6 1976 
SI crenacinstetnisssisxiaddescivansniniainssneniss 1 (<0.1) 1983 
MDMA ooo. cccccccccccccccecteeeereeneeen 14 0.3 1985 
SEMIEED scpennnetiaxsbsidetussudensiisesssssinsinysasass 3 (0.2) 1986 
Si escounsestnakcincustesonasestertese:osextessuina 1 (<0.1) 1987 
Phencyclidine & analogues 
IE sctihdshenisenonssvsensiassnastssasnenssesvsseo 8 (0.1) 1983 
i batssnstennnstinnnicseeneessans siivaanessavses 1 (<0.1) 1987 
Other substances for 
comparison: 
LSD=25 ooo esaees 1671 30.7 < 1976 
Mescaline... pepehnecuenataevsesieeses 338 6.2 < 1976 
DMT fragrans ... veers 27 0.5 1982 
sapbetenscsneiensascdaaneisaeees — 1 (<0.1) 1984 


“Persons w/abuse of this substance as % of all persons w/substance abuse problems interrogated 


past; its degree of experience was 2.6 percent. All other substances range 
much lower in frequency. 

Some of the other substances introduced in this list of reasons of 
comparison, such as lysergide (LSD) and mescaline have a much higher 
abuse frequency in the FRG than the controlled substance analogues; but 
of course they are “old stock” whereas the “designer drugs” are recent 
acquisitions. Even the abuse of nutmeg (Mpristica fragrans; ‘‘Jailhous 
high”) with 27 cases since 1982 and a degree of experience of 0.5 percent 
is more frequently occurring than MDMA. This is reversed though if the 
last year only is considered 

In analogy to Table 2 for buprenorphine, Table 9 shows, for the 
MDA and MDMA patients as well as those four persons who had expe- 
rience with both these substances, the frequency of dependence tabulated 
against the three main substance groups. 

It is obvious that in the FRG, abusers of these substances exclusive- 
ly belong to the group of street drug addicts and that dependence is low 
for both substances; only 3 persons have been reported as being depend- 
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Table 9 


Abuse of MDA and MDMA 
Reports to SAWS/Fed. Rep. of Germany. 


MDA & 


MDA MDMA MDMA TOTAL 

Dependence Dependence Dependence Dependence 

Main substance No ‘Yes No ‘Yes No- 7 Yes No “Yes. 
abuse group N N N N N N N N 


Alcohol (+ M/D) ..... — _ _ _ —_ = _ 
Medic. Drugs (M) ..... -- — 


Street Drugs (D)....... 4 1 3 1 y 1 16 3 
TOtal oo... 4 4 | 3 | 1 9 . 1 | 16 | 30 
—_—— —_—_——" —_—— eee 
5 4 10 19 


Table 10 


Abuse of MDA, MDMA/FRG: Pattern of Abuse, 
Frequency (1985-7/30/87 


Abuse MDA MDMA 
Frequency N N 
SEE csscncsesehancuisiesabsseesibitensesspscerctasessuvintouceesseamabebies 5 9 
OCCASIONAL Y o.oo... ccccccccccsceesesceeeeseeeeveveseeneeens | 2 3 
TIED stansenseresatsicincesesserrsersessestsensenecstesseaeensensarsis | 2 2 
Total ooccccscsssscsssesssssssssnurausansvesseesvesstsseeeneee 9 14 


ent on either one of these substances, so that the data is not yet fully 
reliable. The low level of dependence is not necessarily entirely related 
to the abuse potential of the substance because there is no steady supply 
assured for thom. 

For the same reason regular abuse is thusly still infrequent (Table 
10). 

In four incidents only the users were able to obtain enough sub- 
Stance to sustain regular abuse for some time. But the duration of abuse 
has been recorded in most cases as less than one month 

Fortunately in the FRG no attempts have been undertaken to revive 
the old idea of using hallucinogens in psychotherapy, as it had been the 
case with LSD-25, when the abuse potential of this substance was hardly 
recognized. Such a revival has been attempted with MDMA in Canada 
(Greer, 1983) and has been favored also by some authors in Switzerland 
(Baumann, 1986) 
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The SAWS data are confirmed by the independently collected data 
of the Federal Office of Criminal Investigation (Bundeskriminalamt, 
1987): five incidents of delinquency in connection with the substance, sei- 
zure of 28 grams of substance plus 17 capsules and one illicit laboratory 
seized in connection with MDA since 1985. There were reported 13 
cases of substances-related delinquency, the seizure of over four kg. of 
MDMA and three illicit laboratories closed in connection with MDMA 
in the same period, and only one case of involvement with TMA. These 
data are in good congruence with the SAWS data. It shows, that with 
the help of a random access system designed to be representative for a 
country it is possible, even with an annual probe of a limited number of 
cases of abuse, to detect such small scale abuse reliably and early enough 
for adequate reactions 

The production and abuse of controlled substance analoques is in 
principle an equally serious problem for European countries as it is for 
North America. However, it has so far only reached an insignificant 
level of magnitude compared to other problems, e.g. the abuse of such 
easily available substances as codeine or dihydrocodeine or the menace 
of cocaine. It seems presently very possible that this might not change, in 
parallel to PCP 

For other European countries, according to Interpol data, only a 
few seizures of controlled substance analogues outside of the FRG have 
been recorded. Reports on MDMA are included although it ts, by origin 
and legislation, not a “designer drug” in the proper sense (see above): 

France: In several cases MPPP (Meperidine analogue: 

methylpheny!propionoxypiperidine) has — been 
found. No Laboratories and no other controlled 
substance analogues found. 


Spain: 190 doses of MDMA seized so far. No laborato- 
ries found. 

Sweden 180 doses of MDMA have been seized so far. No 
laboratories found 

Switzerland 450 doses of MDMA seized so far. No laborato- 


ries found. 
United Kingdom: 1000 doses of MDMA seized so far. No laborato- 
ries found 


Discussion 


The use of simple continuous recording systems across borders would be 
of great interest. not only in the case of controlled substance analogues but also 
as a basis for scheduling narcotics, measuring abuse patterns of well known 11 
licit drugs. etc. International organizations would be well advised to encourage 
member nations to set up such systems in their countries following common rules 
and a common method. Up to now, global decisions often have to be based on 
fragmentary local information concerning forms of abuse and the abuse scene 
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Data on production and criminal activities in connection with substance of abuse 
are becoming increasingly available worldwide. Laboratory animal testing has 
been developed to a fine art, yet animal data may show a wide range of interspecies 
differences. Firm information concerning the species Homo sapiens, the consumers 
of substances and their reactions, however, are scarce. Such data, complex as 
they are, are monitored effectively in a very few countries only. For that reason 
decisions often have to be based on spotlight reports, the generalization of which 
stands on uncertain grounds. There cannot be any doubt that we have to approach 
closer with our measuring instruments the consumer of habit-forming substances. 
Indeed, that “‘voluntary large scale experiment’ which goes on all over the world 
in the scenes of abuse is—as sac . it may be—a great source for obtaining 
knowledge on substances, substaice abuses and abusers. It is a source which, 
surprisingly, has hardly been tapped systematically, for the benefit of those in 
danger of becoming dependent and the addicts themselves. 
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Thailand Data Base on Drug Dependence 

and Illicit Drugs: An Appraisal of Merit 

for Problem Monitoring and Intervention 
Planning for Demand Reduction 


Vichai Poshychinda, M.D. 


Introduction 


The Thailand data base on drug dependence and illicit drugs is com- 
prised of information and statistics from two sources, the regular records 
of various government agencies and the monitoring systems of the drug 
dependence treatment population, secondary school students and military 
recruits. Among the records on illicit drugs, the conibined information 
on seizures of amphetamine-type stimulants and their chemical analyses 
was the only source for trends on availability and health effects on the 
users. However, the information does not provide trends on the abusing 
or dependent population. The monitoring system of the drug dependent 
treatment population was the most significant single source of trends on 
the distribution and characteristics of the opiate-dependent population. 
Statistics from the Central Juvenile Court and the prevalence of opiate 
use among army and navy recruits provide useful collateral information 
complementing the monitoring system. The composite information from 
all data sources, although limited, present fairly good basic information 
for planning intervention efforts to reduce demand. Given the modest re- 
source investment and the feasibilty for long term continuation, Tha 
land’s current data base has considerable merit. Furthermore, the records 
of many government agencies have great potential for development into 
highly useful data bases. 

The present communication attempts to describe in brief the data 
base on drug dependence and illicit drugs that is relevant to changing 
trends in the nature and extent of the drug dependence problem in Thai- 
land. In referring to the drug dependence status, the opium dependent 
problem of the hill tribe population is not considered even though tt is 
recognized as significant and closely related to the overall ‘rug depend- 
ence situation. Only the dependence data related to the opiates and am- 
phetamine-type stimulants are selected for discussion although many 
other substances are actively abused and contribute an important share to 
the national drug dependence problem. The data bases that deal specifi 
cally with the law enforcement control of the illicit drug supply are also 


excluded 
The current data base can be classified into two categories, the regu- 


lar records of various government agencies and the monitoring systems 
of specific populations. 


Regular Records 


There are many government agencies that continuously record in- 
formation and statistics on the illicit drugs and known drug dependents. 
Practically all of the data are gathered in the implementation of the 
intervention programs with the specific purpose being related to the 
policy of the source agencies. 

The type of data collected is selected with little concern for moni- 
toring the drug dependence problem. Nevertheless, a large amount of the 
data are relevant to the monitoring purpose. Examples of some major 
data sets are illicit drug seizures, chemical analysis of seized drugs, im- 
portation and distribution of controlled substances, juvenile and adult 
convict populations under the Narcotics Law and drug treatment 
records. The situation on illicit amphetamines as revealed from the regu- 
lar records is a good example of the value of this group of data sources. 

The use of illicit amphetamines among certain groups of the popula- 
tion such as truck and taxi drivers, laborers, night workers and students 
has been known in Thailand for a long time but the information on the 
extent of use is lacking. The large drug dependent population that en- 
tered treatment services which are widely distributed in the country, do 
not yield .iuch information. The first case of a drug dependent patient 
who reported amphetamine as his principal drug appeared in 1972 in the 
Thanyarak Hospital, the largest government drug dependence treatment 
center in suburban Bangkok. He was the only case of amphetamine de- 
pendence in the annual total of 3,144 cases contained in the hospital 
records. Since then, fewer cases have been reported each year. During 
1979, 1980 and 1981 the respective numbers of amphetamine-dependent 
patients were 37, 184 and 128 among the annual total of about 7,500 
12,000 and 25,000 cases from all licensed treatment centers in the coun- 
try. Although the numbers are small, a disturbing question relates to a 
growing population of amphetamine dependents. 

Indictments of individuals for possession and distribution of illicit 
amphetamine-like stimulants indicated an increasing trend in 1971 which 
continued to rise sharply to a peak in 1980. The illicit drug between 
1961-1970 was all amphetamine sulfate. Methamphetamine hydrochloride 
started replacing amphetamine sulfate in conjunction with the rising 
number of indictments. In 1980, the peak year for number of indictments, 
“look-alike” tablets which contained non-amphetamine stimulants ap- 
peared for the first time. The share of non-amphetamine stimulant indict- 
ments among the total annual indictments continued to increase between 
1980-1982, 10.3-95.8 percent against a drop in the total annual number of 
indictments. Statistics for 1983-1984 demonstrated a resurgence of the 
amphetamines against a somewhat level total indictment number (Figure 


1). 
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Figure 1 


Annual Statistics of Illicit Amphetamine-Type 
Stimulants Indictments 
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The drug contents of “look-alike” tablets were rapidly changing. In 
1980, when the “look-alike” tablets first appeared, they contained pre- 
dominantly either caffeine or ephedrine alone. The combination of caf- 
feine and ephedrine appeared for the first time during the last four 
months of 1980 and rapidly increased to represent almost the total 
number of stimulant indictments in 1981. The last four months of 1984 
saw another shift in the drug content of the “look-alike” tablets. Caffeine 
and ephedrine as single drug entities seemed to be on the increase 
(Figure 2). 

Until the present, information on the national drug problem related 
to the amphetamine-type stimulants remained obscure. Less than 100 in- 
dividuals sought treatment services annually. Among the approximately 
10,000 individuals convicted under a narcotic offence, from statistics of 
the penitentiary system at the end of each year, offences related to am- 
phetamine-type stimulants represented less than one percent. It is obvious 
that illicit drug seizures and chemical analyses are the only sources of 
data providing a rudimentary trend of change in the availability of am- 
phetamine-type stimulants. 

Records of large numbers of drug dependent individuals belong to 
the penitentiary system and the c ug dependence treatment services. Sta- 
tistics of the Department of Correction, Ministry of Interior, between 
1982-1985 at the er4d of each year showed the number of prisoners con- 
victed of narcotic offences ranging between 9,959-11,961 persons (16.9- 
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Figure 2 


Drug Content of Look Alike Tablets From 
Indictment of Amphetamine-Type Stimulants 
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Figure 3 


Annual Statistics of Juvenile Convicts 
of the Central Juvenile Court 
Numbe: — Total 
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19.3 percent of total), The probation cases on narcotics offences of the 
Central Probation Office, Office of the Judicial Affairs, Ministry of Jus- 
tice between 1981-1983 amounted to 2,499, 3,920 and 3,686 cases (65,7, 
74,2 and 82.6 percent of total), respectively. Annual statistics for juve- 
niles convicted under Narcotic Offenses at the Central Juvenile Court, 
Ministry of Justice, demonstrated a trend of gradually decreasing num- 
bers and rates between 1975-1985 (Figure 3), From this large pool of a 
captive drug dependent population, the official statistics revealed little in- 
formation on the national problem apart from the decreasing trend of ju- 
venile narcotics offenders. The potential to extract data relevant to the 
national problem because of the direct access to a large target population 
awaits future development, The data on the drug dependent treatment 
population are discussed below under Monitoring Systems. 


Monitoring Systems 


The monitoring systems are new data bases. There are three inde- 
pendent systems with different target populations, One system deals with 
data from the total drug dependent treatment population. The other two 
gather data from secondary school students and army and navy recruits. 
The monitoring system of drug dependent treatment clients is a joint op- 
eration of the Treatment Division, Office of Narcotics Control Board, 
Office of the Prime Minister and the Department of Medical Services, 
Ministry of Public Health in collaboration with the Institute of Health 
Research, Chulalongkorn University. The secondary school student mon- 
itoring system belongs to the Department of General Education, Minis- 
try of Education. The monitoring of army and navy recruits is under re- 
sponsible agencies in the Ministry of Defense. 

The monitoring system for drug dependent treatment clients is a 
treatment event reporting system. All drug dependence treatment serv- 
ices are required by regulation of the Ministry of Public Health to report 
all treatment cases on a common intake form to the Department of Medi- 
cal Services and the Treatment Division of the Office of Narcotics Con- 
trol Board. The reportable data include demography, drug use patterns, 
reasons for drug use and treatment, history of drug dependence treat- 
ment, incarceration and relationship with family. The system was 
launched in 1978. In 1986, there were 92 treatment centers reporting into 
the system. The treatment centers are scattered widely in all regions of 
the country; services are provided free of charge; and, the law enforce- 
ment control is waived for the treatment client. A fairly large number of 
the drug dependents voluntarily entered the treatment services. The total 
number of intakes reported in 1986 was 58,983. The system is designed to 
elicit epidemiological and management information for planning treat- 
ment services. The design does not allow for identification of the person. 
If there is an identification requirement, a code can be referred back to 
the treatment center for the identification. For epidemiologic informa- 
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tion, the total treatment population in each year was classified into sub- 
populations according to principal type of drug used during the last 
thirty days before admission to the treatment services, The specific sub- 
population was further grouped according to urbenicity of client resi- 
dence in Bangkok and provincial regions, Within the urban and rural 
groups, the population was further classified into the new cases or cases 
without any drug dependent treatment experience and old cases or cases 
that had received at least one treatment prior to the present intake, 
Tables | and 2 demonstrate the grouping of the heroin and opium de- 
pendent treatment population and the size of the population in the re- 
spective groups. Because of the frequent re-entry into the treatment serv- 
ice by the client, the data from new cases is the main resource for trend 
observation. Heterogenous distribution of heroin and opium users among 
Bangkok and provincial regions was consistently observed (Figure 4), 
The heroin users were most prevalen: in Bangkok while the opium users 
predominated in the rural area of the northern and northeastern regions 
(Tables | and 2). The prevalence of new cases per region among the 
urban and rural areas (Figures 5 and 6) and the geographical distribution 
of new cases per 100,000 population in each province allowed for a clear 
trend of changes in the extent of drug dependence (Figures 7 and 8) in 
highly specific geographical areas of the country. The suggestion of a 
very gr. ‘ual increase in the heroin dependent population in Bangkok be- 
tween 1¥83-1985 can be observed while in all other provincial regions, 
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Figure 6 


Drug Dependence Treatment Population 
1981-1985: Opium Users’ Prevalence of New 
Cases in Bangkok and Provincial Regions 
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Table | 
Heroin Dependence Treatment Cases Classified by 
Urbanicity of Residence 
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Table 2 


Opium Dependence Treatment Cases Classified by 


Urbanicity of Residence 
; (Number) 7 = 
1981 =: 1982 1983 §=61984 = 1985 
BANGKOK: 
N@W CAGES ooo. 46 39 37 43 4) 
eee 112 130 124 110 149 
— TT 158 169 161 153 190 
CENTRAL REGION: 
Urban area: 
N@W CASES oo... ccc 46 59 78 48 67 
Old CAGES oo. 37 79 119 72 92 
— 83 138 197 120 159 
Rural area: 
N@W CASES oo... 80 113 141 146 219 
ee 75 115 112 143 140 
SD en 155 228 253 289 359 
NORTHERN REGION: 
Urban area: 
N@W CASES ............cs 127 162 302 334 470 
Old CAGES oo... 90 121 153 171 276 
a 217 283 455 505 946 
Rural area: 
N@W CASES .......cccceees 546 649 1206 1353 2270 
Old CASES oo. 274 260 285 283 497 
0 820 909 1491 1636 2767 
NORTHEASTERN REGION 
Urban area: 
N@W CASES ..........6ccce 22 40 87 219 63 
Old CASES oo. 32 86 157 157 103 
ee 74 126 244 376 166 
Rural area: 
121 203 273 608 244 
Old CASES oo. 204 307 338 342 252 
Ee 325 510 611 950 496 
SOUTHERN REGION 
Urban area: 
N@W CA@SE@S ............600006 2 17 8 5 4 
Old CASES... 4 4 4 4 6 
GD enmmsmemmenencen 6 21 12 14 10 
Rural area: 
N@W CASES... 2 8 11 4 13 
Old CASES oo... 3 4 1 4 7 
— 5 12 12 8 20 
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Figure 7 


Drug Dependence Treatment Population 1982-1985: 
Heroin Users' Geographical Distribution in Number of 
New Cases Per 100,000 Population 
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Figure 8 


Drug Dependence Treatment Population 1982-1985: 
Opium Users' Geographical Distribution in Number of 
New Cases Per 100,000 Population 
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Figure 9 
ae pendence Treatment Population 
1981-1985: Heroin Users’ Rate of Intravenous 
Administration of Principal Drug 
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except the central region the trend of decreased heroin dependence in 
1985 was noted. Another remarkable trend that the system revealed is 
the decrease in intravenous administration of heroin and opium in practi- 
cally all areas (Figures 9 and 10). 

To obtain information for management planning, the data were 
processed by treatment centers which were grouped according to region- 
al location. Provision was made to process the treatment client by treat- 
ment center by the same approach for epidemiologic information as al- 
ready mentioned. The drug dependence treatment centers in Thailand 
can be divided into three main groups. Each group has, in general, a 
rather similar treatment approach. The groups are the Buddhist Temple 
treatment centers which are indigenous institutions, the treatment serv- 
ices of private hospitals and clinics and the treatment services under gov- 
ernment agencies. Monitoring the characteristics of clients that voluntari- 
ly entered different types of treatment centers demonstrated a unique 
trend. The Buddhist Temple treatment centers consistently reported 
nearly 40 percent of their clients using non-opiate drugs while all the rest 
had no more than 10 percent (Figure 11). The prevalence of new cases 
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Figure 10 


Drug Dependence Treatment Population 
1981-1985: Opium Users’ Rate of Intravenous 
Administration of Principal Drug 
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in the population entering the Buddhist Temple treatment services was 
much higher than those of others. Furthermore, the prevalence showed a 
continuously increasing trend between 1983-1985 (Figure 12). The eco- 
nomic status as indicated by the level of income per month of the clients 
entering the Buddhist Temple treatment center was at the lowest level 
while the clients entering the private treatment centers was the highest. 
Expenditures by drug per month also showed the same pattern (Figure 
13). 

The examples of data from drug dependent treatment population 
monitoring systems presented so far are perhaps sufficient for the demon- 
stration of the nature of the information yielded. 

Secondary school student monitoring is in the early phase of devel- 
opment. The system is actually an annual cross-sectional survey by 
anonymous self-reported questionnaire administration. The target popula- 
tion is all students in secondary schools under the jurisdiction of the De- 
partment of General Education. A common data collection instrument 
was adopted. The data collected included the demographics, experience 
in cigarette smoking, alcohol consumption and the use of another nine 
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Figure 11 


Drug Dependence Treatment Population 
1983-1985: Distribution by Principal Drug Used During 
the Last 30 Days Before Admission Classified by Type 

of Treatment Institution Giving Services 
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Figure 13 


Drug Dependence Treatment Population 
1981-1985: Average Income and Money open on 
Drug Classified by Type of Treatment Institutions 

Giving the Services 
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drugs commonly experimented with and abused by the student popula- 
tion. Data collection commenced at the beginning of 1986. The results 
have not yet been released. The Department of General Education plans 
to expand the data to include other behavorial and social factors related 
to drug use and delinquency. 

In 1982, the Army and Navy started to monitor opiate dependence 
among their recruits. Laboratory tests for opiates in urine samples were 
applied to screen for drug use. Figure 14 demonstrates the trend of a 
rapid decrease in the prevalence of positive urine tests among other army 
and navy recruits between 1982-1983. 


Monitoring the Drug Dependence Problem 


The effectiveness of the data base to monitor the drug dependence 
problem at the national level requires considerations of four main issues: 
the amount of the information needed, the sufficiency of their reliability, 
the timeliness of the availability of the information and long-term conti- 
nuity. The data bases already discussed have been in operation for a 
number of years and offer timely information. The available information 
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Figure 14 


Prevalence of Positive Opiate 
Urinary Test Among Navy 
and Army Recruits 
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is related to drugs and the dependent population only. Information on 
the impact of drug dependence on health and social and economic as- 
pects of the community is lacking because the actual size of the drug de- 
pendent population is not evident from the data base. However, with all 
the data in hand at the moment an estimated number can be systematical- 
ly generated. A discussion of the reliability of the information from each 
source is beyond the scope of this communication. It is perhaps sufficient 
to state that the information obtained thus far from the interpretation of 
the data does not conflict with known facts. On the contrary, it had been 
proved on many occasions in the past that subtle changes in the drug 
dependence problem were indicated by the information long before the 
Administration and the public were aware of the changes. The minimal 
data and information already presented are just a fraction of that avail- 
able. 

The monitoring system of the drug dependent treatment population 
is obviously the most productive in yielding relevant information. This is 
due solely to the specific design for monitoring at the national level. The 
balance between long-term operational feasibility and the timely produc- 
tion of sufficiently relevant information was the critical consideration in 
the designing process. The main approach to the development of the 
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data base was to establish the system in the existing government organi- 
zational structure which includes networks of agencies that have immedi- 
ate access to target populations and the basic expertise and management 
capability to collect and process the data. It is of great interest to ob- 
serve the progress of the secondary school student monitoring system. It 
was designed using the same approach. However, the workload is much 
greater than the drug dependence treatment monitoring system as it in- 
volves data from more than a million subjects. The management and co- 
ordination required is phenomenal. Its success will be another major step 
towards comprehensive coverage of the target population. 


Planning of Interventions for Demand Reduction 


Planning of intervention programs for demand reduction requires 
more than information on the drug dependence problem. Effective inter- 
vention technology and available resources for implementation are also 
among the major components needed. At present, there is no concrete 
knowledge on the effectiveness of either the drug dependence treatment 
or pi vention techniques and programs in operation. Evidence abounds 
on dependence to substances other than the conventionally known drugs 
like the opiates, ganja and the amphetamines. Incidental cases of depend- 
ent individuals on tranquilizers and organic solvents have appeared in 
treatment records for more than a decade. Past experience indicates that 
there are probably many more such cases in the community. In fact, the 
overall drug dependence problem is most likely growing as the opiate 
dependence problem is under control. It is clear that the demand reduc- 
tion intervention effort is currently insufficient. The situation introduces 
a serious strain on available resources for intervention implementation. 
That there is more demand for drug dependence treatment services than 
provided at present is well known. National resources for further expan- 
sion of treatment services is already under great economic stress. Infor- 
mation and knowledge that would increase the effectiveness of demand 
reduction intervention are apparently the priority need. 

The information on the drug dependence problem derived from the 
data base substantiated by technical knowledge on the impact of the 
problem on health, social and economic components of the community is 
more sufficient for the planning of the demand intervention than is the 
information on effective intervention and resources needed. Actually a 
fair amount of the information is underutilized. However, the situation is 
not an argument for complacency about the need for improvement. On 
the contrary, the resources and expertise available are amenable to future 
progress in data base development. 


Concern of Developing Countries in 
Illicit Manufacture of Controlled 
Substances and their Analogues 


Dr. F.R. Yousuf Fazli 


Introduction 


The world at large is facing the great challenge of a drug epidemic, 
but the developing countries, in particular, are being threatened by an 
alarming sudden spread of new potent substances of abuse. The develop- 
ing countries are generally unable to tackle the problem due to markedly 
inadequate iesources and competence. Nevertheless, they are very con- 
cerned about the introduction of new more potent drugs of abuse. 

The drug abuse situation in Pakistan is discussed with respect to its 
changing pattern resulting from the introduction of heroin and new 
potent synthetic drugs. The number of new heroin addicts has increased 
from virtually none in 1979 to about 658,000 in 1986 for a total number 
of about two million drug addicts in the country. The phenomena of 
opium cultivation, heroin introduction, government interdiction efforts 
and related problems are described. Similarly, the medical, chemical and 
other problems relating to the abuse of synthetic drugs are discussed in 
view of the danger of the introduction into Pakistan of designer drugs. 


Situation in Pakistan 


The developing countries have historically always been the recipi- 
ents of the final clandestine drug product as wel! .s suppliers of the raw 
materials which are used in their manufacture. Eventually, they also 
learn manufacturing procedures and can produce the final drug products 
themselves. In Pakistan, such is the case with the production of narcot- 
ics. Opium produced in Pakistan was once converted into heroin in other 
countries. Now, however, heroin is being clandestinely manufactured 
within Pakistan as well. 

For centuries only indigenous materials like opium and cannabis in 
the Indo-Pakistan subcontinent were the primary drugs of abuse. Howev- 
er, addiction never emerged as a big social problem. Addiction was limit- 
ed to the poor, who were mainly an older age group and it did not affect 
the younger generation. However, with the clandestine manufacture of 
heroin and the introduction of new potent synthetic narcotic and psycho- 
tropic drugs, which were imported for legitimate medical use, the prob- 
lem of drug abuse has assumed ncw dimensions. For example, in Pakistan 
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Figure 1 
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the abuse of heroin compared to other drugs has increased dramatically 
in the last five years (Figure 1) with a simultaneous decline in the abuse 
of opium and cannabis (charas and bhang) products (Figure 2). 

The phenomena of abuse of each opium, heroin and the synthetic 
drugs in Pakistan have their own peculiarities and shall be discussed sep- 
arately. The former, as defined by Mr. Haislip, represents the first and 
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second phases, whereas the latter represents the third and fourth phases 
of development in drug abuse. 


Opium and Heroin Problem 


In Pakistan, poppy is cultivated in the highly underdeveloped tribal 
belt of Northwest Frontier Province along the Afghan border and in 
small scattered pockets inland, 

In relation to the legal and administrative controls, it is important to 
understand that in the Northwest Frontier Province, there are presently 
three categories of land areas: settled, merged and tribal, The govern- 
mental controls fully extend to the settled areas whereas they are being 
gradually extended to the merged areas. However governmental control 
and administrative infra-structure do not extend to the tribal areas due to 
tribal freedom, a concept which evolved during the British rule and has 
been respected by the Government of Pakistan. 

The political upheavals of the Western neighborhood of the country 
with the influx of more than three million Afghan refugees into Pakistan 
and complete lack of control on their movement has created a situation 
beyond control. 

The drug traffi which found its way from Afghanistan and Iran 
through Turkey to Europe is now being directed to Pakistan. It has also 
become risky for traffickers to smuggle heavyweight opium, thus 
prompting them to set up heroin producing laboratories in Pakistan. 
Since no control is exercised over the entry of drugs, the Government of 
Pakistan is making efforts to stop smuggling out of the country through 
its international ports and other established routes. Sometime back, a 
sudden ban was also imposed on opium distribution through vending 
shops. These factors led to the introduction and dramatically fast spread 
of heroin addiction within the country. Though virtually no heroin ad- 
dicts were known in 1979, their number in 1987 are estimated to be over 
658,000 with a total of two million drug addicts in the country. 

This is indeed, a matter of great concern for all and one is forced to 
ask the question: Is my child safe? 

The National Survey on Drug Abuse indicates dangerous trends in 
Pakistan which may be applicable to many other developing countries. 
For example 

a) Addiction to heroin, opium and charas occurs mostly in younger 
age groups (Figure 3). 

b) With heroin, the urban population is affected more than the rural 
population with frequency of its relatively highest abuse as compared to 
other narcotic and psychotropic drugs as shown in Table 1. 


Government Measures 


The Government of Pakistan has been striving to stop opium culti- 
vation and to destroy heroin producing laboratories. New laws have 
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been framed prohibiting all addictive substances and providing life im- 
prisonment and forfeiture of assets of the drug dealers. Additionally, th: 
death penalty for them is under serious consideration. As a result of vari- 
ous measures, the opium production has been reduced from 800 tons in 
1979 to about 130 tons in 1986. With the assistance of United Nations 
agencies, efforts are continuing to provide substitution of poppy crops 
with other cash crops, but so far this has been met with limited success 
due to lack of adequate financial resources. The government has also 
taken drastic action at times to stop poppy cultivation and trafficking of 
heroin and other narcotics. They have also led to a serious law and 
order effort in the country. 

In a recent news story, the Government of Pakistan was reported to 
have bulldozed the poppy fields in the Gadoon district of Frontier Prov- 
ince. This led to a serious crisis involving shooting and killing. A similar 
drama was also staged at Sohrab Goth, Karachi leading to massacre of 
hundreds of innocent citizens by the narcotic mafia. But do these meas- 
ure help to stop the menace of addiction if the sources of drug supply 
nevertheless continue to exist and produce greater numbers of addicts? 
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Table | 


The Most Abused Drugs !n Pakistan 
(As of TT Quarter 1966) 

Overall Urban Rural Relative % of To 

Abusers Abusers Abusers Useby Male Adults 
Drug No, No, NO, «irug “Using Drugs 
TES 657392 9355421 301971 91.8 2.19 
ean 582024 164176 397848 26.2 1.94 
AICONO! .cccccesesserseen 209118 75825 2292093 14.5 0.99 
coum > mamaria tame 262071 195541 12.7 0.87 
Feicar. “Sowers “woe $7 
ONC ccc, 9407 41618 42459 4.1 0.28 

All DPUgB vc. 2066862 768411 1208451 100.1 6.9 


*The figures for bhang definitely understate the factual situation. F Op meee of He NEDA, bhang 
consumption either Ie reported sporadically or wes not included during the 


Financial Problems 


For some, the motive behind narcotics trafficking is the lust for 
money, whereas for others, as in the case of opium cultivation in Paki- 
stan, it is a matter of earning a livelihood. In the N.W. Frontier province 
of Pakistan, the land, which is the only source of income for the people, 
is being massively deforested for firewood. The soil thus is su. fering 
from serious erosion with severe siltage of water-ways. Without irriga- 
tion, its growing capacity is dropping at a fast rate and becomes unfit to 
grow anything but the poppy. In order to stop heroin production in 
Pakistan, it is vital that opium cultivation is stopped completely. This, 
however, is only possible through development of the area, thus guaran- 
teeing to the people reasonable income, job opportunities and stability in- 
cluding education and health facilities and with that better utilization of 
land by substitution of crops. A strong legal framework or set up of a 
battery of treatment and rehabilitation centers will not be able to succeed 
in controlling drug traffic if drug raw materials continue to be available. 
What is therefore needed is an overall development of the area requiring 
resources which are, indeed, lacking for even planning of an appropriate 
program of this nature. One is thus forced to ask whether we can direct ° 
some of the energies and resources being utilized for world destruction 
to the building of the poor world. 


Problem of Synthetic Drugs of Abuse 


In Pakistan, codeine, methaqualone, the amphetamines and barbitu- 
rates entered the drug scene in the early 1970's. Consequently, all im- 
ports for these drugs except phenobarbitone were banned. But methaqua- 
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lone and amphetamines continue to be available through smuggling from 
abroad, Currently, methaqualone is also being locally manufactured in 
clandestine laboratories for domestic consumption, Recently it was dis- 
covered that a large quantity of phenobarbitone imported for medical use 
was being diverted into illicit traffic and was being abused alone as well 
as in combination with other drugs. Its import had been multiplying by 
one hundred percent every yéar which could only be discovered after 
the import data for the preceding years was collected (Table 2), 


Table 2 
import of Phenobarbitone in Pakistan 


1984 3150 kg. 
1985 6835 kg. 
1986 12076 kg. 


This year the government has put strict controls on the importation 
and utilization of phenobarbitone but it has resulted in some shortages 
for legitimate medical use. 

In fact, with the introduction of the potent synthetic drugs in recent 
years, the abuse of tranquilizers and sedatives has also become a common 
phenomenon. Addicts, after detoxification, often fall victim to the drugs 
used for their treatment. These include diazepam and phenobarbitone. 
Similarly, various mixtures of heroin, methaqualone, tranquilizers, pheno- 
barbitone and antihistamines are also being abused by addicts in Pakistan. 


Designer Drugs 


The developing countries, due to their many built-in inadequacies 
are more susceptible to the spread of new addictive substances and thus 
the newly emerging phenomena of designer drugs is one of their major 
concerns. 

With today’s highly advanced knowledge in chemistry when a drug 
molecule can be relatively easily designed with computer assistance, with 
desired requirements and also when the raw materials for the manufac- 
ture of synthetic products are readily available, the illicit production of 
designer drugs has become easily possible. Indeed, they have been en- 
countered in some industrialized countries. They have not yet been intro- 
duced in the developing countries perhaps due to the ready availability 
of other narcotic and psychotropic drugs at comparatively low prices. 
However, the developing countries feel more threatened by the existence 
of the designer drugs because they create special problems for the doc- 
tors, chemists and law enforcement agencies. 
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a) Medical Problems 

Apart from their toxic impurities due to production lacking quality 
control, the extremely high potency of some of the designer drugs poses 
major health risks, Minute doses of these drugs produce the desired 
effect. Unaware of the drug's potency and impurities, administration by 
the addicts may lead to serious harm and permanent disabilities. This will 
add to the medical problems of already inadequate health services of the 
country, 

For the treatment cf addicts in Pakistan, for example, a few treat- 
ment centers have been established with the assistance of United Nations 
support. But so far, there is virtually no program for the rehabilitation of 
detoxified patients, thus leading to high relapse rates. 

In the recent past, there has been sporadic growth of treatment cen- 
ters in the private sector. On the other hand, with the increasing use of 
mixtures of heroin with other unknown substances, detoxification is be- 
coming more and more difficult, In some cases, deaths have been report- 
ed during the withdrawal process. 


b) Legal Problems 

Regarding legal problems, the situation in most developing countries 
is somewhat different from those of industrialized countries. The former 
may have all the laws or, for that matter, be able to promulgate new 
laws, but it is their implementation which is always wanting. The admin- 
istrative infra-structure within developing countries is ineffective with 


many built-in weaknesses. 


c) Distribution Problems 

The sale and distribution of medicines is another area where control 
is very loose in many developing countries. In Pakistan, for example, 
there are more than twenty thousand chemist shops which are being run 
by not well informed pharmacists, a legacy of the past. They may sell 
any drug without a doctor’s prescription even against legal requirements. 
In the government sector, the concept of proper hospital pharmacy is 
also non-existent. 


d) Education Problems 

There is almost complete ignorance on the part of the general public 
of the critical dimensions of the drug abuse problem. The public is not 
aware of the value of intellectual and emotional resistance to the tempta- 
tion of drug abuse. 


e) Chemistry and Pharmacology Problems 

Currently, a number of addictive substances including synthetic nar- 
cotic and psychotropic drugs are being smuggled into developing coun- 
tries. The drugs, however, escape control measures due to their mislead- 
ing labelling or by use of synonyms which are not known to the regula- 
tory agencies. Detailed specifications for chemical identification and 


279 


qualitative and quantitative analysis of such controlled substances are 
also not readily available to them, Specifications are available mainly for 
those materials which have been in use for medical purposes and thus 
effective control is not possible as envisaged. The unavailability of ade- 
quate specifications for these substances has also led to confusion in the 
collection of data and interpretation of legal issues pertaining to the enti- 
ties to be controlled, 

Occasionally controlled substances have also been claimed to have 
indications not indicative of their addictive properties. This has led to 
the necessity for delineating clear-cut detailed pharmacological specifica- 
tions for all the drugs in order to provide assistance to the regulatory 
agencies, The question of proper chemical and pharmacological nomen- 
clature of narcotic and psychotropic substances has never intrigued the 
health authorities so much as today with the introduction of “designer 
drugs” which can be more than a thousand times as potent as morphine 
and yet may be as legal as candy. 

Introduction of controlled substance analogues in some parts of the 
world poses an even more serious threat to the developing countries, in 
particular, because adequate resources to control even the known sub- 
stances of abuse do not exist. The means to identify or check the entry of 
such substances into the country or for that matter, their trafficking and 
abuse when their nomenclature is unknown are not available. The capa- 
bility for testing and analyzing of the drugs by customs and within the 
country is limited. Laboratories are not adequately equipped with analyt- 
ical methodology, instrumentation and reference standards to detect, 
identify or analyze all known narcotic or psychotropic drugs, not to 
mention the new designer drugs. 

Similarly sensitive methods for detection and quantification of low 
concentrations of substances in body fluids are also not available. 
Trained manpower for handling these activities is also wanting. Research 
facilities are virtually non-existent as compared to those in advanced 
countries. The role of clinical pharmacology and toxicology is another 
area not yet developed in the developing countries. 


Need for Assistance to the Developing Countries 


The developing countries are characterized by their relative lack of 
knowledge, resources and ability to apply control measures. Therefore, 
they need to be provided assistance by national and international agen- 
cies which are in a position to do so to enhance their capacity and capa- 
bilities to face not only the new threats of designer drugs but also to 
tackle the general problem of drug abuse. The contributions of various 
international agencies are noteworthy. For example, the World Health 
Organization has done a commendable job in detailing specifications for 
many such known products particularly those which are in medicinal 
use. Yet the complexity of the issue and its serious nature demands more 


vigorous efforts to draw chemical and pharmacological specifications for 
all known narcotic and psychotropic substances including recognized 
analogues. The United Nations Fund for Drug Abuse Control has been 
providing funds to assist countries in their programs of drug abuse con- 
trol but a lot more is needed to achieve satisfactory results. 


Common Problem 


If the problem of designer drugs has not been experienced in some 
countries, it does not mean that it is not their problem. If it is not their 
problem today, it will be so tomorrow. Heroin was not a problem of 
Pakistan yesterday but now it is more than its problem. Similarly, design- 
er drugs are a common problem for all of us today and we must make 
concerted efforts to deal with it together since the trade of illicit drugs 
has also been well-organized and evenly knit, all over. 

Let us hope that through the joint efforts of DEA and WHO, this 
meeting will culminate with recommendations which will help tackle the 
problem of controlled substances and meet this new challenge and threat 
of “designer drugs.” “ 


Reference 
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BLANE PAGE 


The Abuse of Illicit 
Substances in Greece 


Dr. Meni Malliori 


Considerable information concerning the nature, trends and causal 
factors contributing to substance use has been accumulated in recent 
years by means of biological/psychiatric, psychological and socio-anthro- 
pological approaches. 

During the ten year period, 1973-1983, rapid changes in the drug 
scene in Greece were empirically observed. Drug use, mainly among 
youth, became a political issue and exposure through mass-media caused 
considerable public concern. The need for epidemiological data in order 
to measure the extent of the problem and develop relevant and efficient 
preventive programs became evident. 

At the beginning of 1983 the Department of Psychiatry, Athens Uni- 
versity Medical School, carried out a multidimensional epidemiological 
study which was sponsored by the Ministry of Youth. 

The study included survey of four population sub-groups: 

1. A nationwide population survey consisting of a sample of 4,300 
individuals, stratified into three groups: 12-17, 18-24, and 25-64 years of 
age. The individuals were from 57 different geographical areas through- 
out Greece. 

2. A nationwide student population survey consisting of a sample of 
11,058 students aged 14-18 years from 96 different schools throughout 
Greece. 

3. A student population survey of Greek immigrants, living in 
Munich, Federal Republic of Germany, consisting of 1,300 students aged 
14-18 years The students were from all the Greek schools in Munich. 

4. A longitudinal cohort study of drug addicts consisting of addicts 
who were in prison during the survey. 

The following is a synopsis of the most important findings of the 
1983 survey: 

1. Overall illicit drug use in Greece is a real problem affecting all 
the age groups which were included in the study. 

2. Retrospective analysis of the study data showed that there has 
been a significant decrease in the mean age of drug users during the last 
ten years. 

3. The number of drug users was lower in rural areas in comparison 
with drug users in urban areas. 

4. A very small number of users were under treatment; most users 
faced punishment instead of treatment. 

The above findings in connection with the general state concern led 
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to changes in Greece's drug law which became effective in August 1987. 

In the early 1980's the ideological and political approach to the drug 
problem began to change. Prior to 1980, punishment was the only re- 
ponse to any drug abuse problem and any kind of disagreement didn’t 
influence this attitude, The Greek Government recognized the need for 
new legis’ation. Policy-makers, criminologists, lawyers, doctors, journal- 
ists, political youth organizations and the public were involved in the 
formulation of the new legislation. 

The main characteristics of the new law are compulsory or volun- 
tary treatment programs for drug users and more severe sentences for 
any person who is convicted of advertising, trafficking or selling illicit 
drugs. 

Members of five Ministries comprise a Committee which is responsi- 
ble for prevention, treatment and rehabilitation. The money from the 
penalties for dealers and traffickers will be used io support preventive 
and treatment programs. The drug addict who successfully completes a 
treatment and rehabilitation program will have the opportunity to re- 
ceive a clean police record. 

Treatment is seen as one of several ways of controlling the demand 
for illicit drugs since it should reduce the number of people abusing such 
substances. The Minister of Health-Welfare and Social Security has the 
government authority to establish or allow the establishment of non-gov- 
ernmental therapeutic facilities or other institutions for prevention, treat- 
ment, and rehabilitation. 

It is obvious that in Greece there exists a unique opportunity to 
evaluate the effectiveness of new legislative approaches, if the above de- 
scribed survey is repeated after a period of two or three years. 

The new law should be examined to determine whether it is likley 
to serve the future needs of treatment programs as they develop over the 
coming years. The establishment of modern, efficient and comprehensive 
systems of data collection, storage and analysis are recommended. It is 
our duty to determine whether the new legislation will succeed in trans- 
forming the existing criminal justice system into one which includes pre- 
vention, treatment and rehabilitation alternatives. 

It is hoped that the new policy will control the supply of illicit 
drugs and will reduce their demand by programs for primary prevention 
as well as for treatment and rehabilitation. It relies on both common 
sense and ethical standards that are fundamentally opposed to the slavery 
of the mind imposed by the consumptions of dependence-producing 
drugs. 

We welcome the responsibility to inform other countries about the 
result of our efforts. 


Legislation, 
Law Enforcement 
and Legal Problems 


Investigative Techniques of Controlled 
Substance Cases 


Raymond J. McKinnon 


The term ‘‘Dangerous Drugs’’ is one utilized by DEA to describe all con- 
trolled substances other than opiates, cocaine, or cannabis. It includes, but is cer- 
tainly not limited to controlled substance analogues. Actually, substances such 
as methamphetamine, amphetamine, lysergide (LSD) and phencyclidine (PCP) 
are much more commonly encountered in the United States. 

The techniques used in investigating all “Dangerous Drugs” cases 
including the analogs, are basically the same. While the number of dan- 
gerous drug cases exceeds 500 annually, the number of analog cases are 
only a handful per year. 

DEA would rarely target a “dangerous drugs” violator without car- 
geting the clandestine laboratory used to produce the substance in ques- 
tion. Resource limitations on manpower, funding, prosecutors and court 
time dictate that DEA may no longer purchase evidence from illicit 
venders unless there is a likelihood of immobilizing the laboratory and 
thereby removing a source of drugs from the streets. 

Although the “street corner pusher” is certainly a menace to society 
and deserves to be removed, he also is easily and immediately replaced 
by another with little impact on drug availability. DEA must target 
beyond this seller to the clandestine lab operator. Here hopefully DEA 
can have some impact on the problem. 

In pursuing a dangerous drugs investigation DEA utilizes its ingenu- 
ity to outmaneuver the lab operator. Many of the techniques used are 
basic to all criminal investigations, some specific to narcotics investiga- 
tions and a few unique only to a particular case. The investigator is limit- 
ed only by his own imagination. 

Some of the common techniques used by DEA in attacking the 
clandestine laboratory problem are as follows: 


Tracking of Precursors 


All clandestine laboratory operators must use a number of precur- 
sors, solvents and other ingredients to manufacture illicit substances. The 
idea of following these substances to the scene of the crime is unique to 
laboratory investigations. 


When DEA looked closely at the feasibility of tracking precursors it 
was quickly apparent that there were too many chemicals involved to 
take a shotgun approach. Clandestine laboratory operators use a variety 
of formulas to obtain the same finished product and they tend to stay 
away from “controlled chemicals” (those that have any legal controls 
placed on their distribution such as phenyl-2-propanone (P2P)). 

DEA established a special enforcement operation (SEO) called ‘“‘Op- 
eration Origination” to design a strategy to locate illicit laboratories by 
tracking precursors. 

First, the most highly abused dangerous drugs were identified. Then 
it was decided to select a single precursor for each drug on which to 
concentrate. A consideration in this selection was limited commercial use 
for the precursor and one whose restriction would not hinder the legiti- 
mate chemical industry. 

p The following list was developed: 

Controlled Substance Precursor 
Methamphetamine Phenyl-2-propanone 
Amphetamine Phenylacetic acid 
Methamphetamine Ephedrine 
Phencyclidine (PCP) Piperidine 
Methaqualone Anthranilic acid 
Lysergide (LSD) Ergotamine tartrate 


The next step was to establish a dialogue with the chemical manuv- 
facturers in order ‘o begin tracking. As expected, the manufacturers 
were willing to tully cooperate in an attempt to fight the drug problem 
as long a‘ such cooperation did not impede their legitimate business. The 
movement of our selected precursors was plotted and the next phase was 
begun. Meanwhile, continuing liaison would be maintained with the man- 
ufacturer. 

In this phase, we identified selected wholesalers of the precursors. 
This selection was based on geographic location, accessibility to the 
clandestine laboratory operators and cooperation with DEA. Through 
this relationship DEA was able to develop purchasing patterns unique to 
the clandestine laboratory operator such as the type and quantity of 
chemicals purchased, cash sales, and prior business dealing with the 
chemical suppliers. 

Many of these wholesalers worked closely with DEA to provide in- 
formation and assistance. This included providing access to records and 
telephone tips on customers and pick-ups. 

When this technique was first established it worked exceptionally 
well. Cooperation was good and the laboratory operators were unaware 
of how they were being located. Surveillance back to a laboratory site 
began at the chemical supply house with the assistance of the legitimate 
businessman. As time went on, the laboratory operators started to realize 
that their vulnerable point was at the chemical supplier. 
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The laboratory operators, therefore, modified their methods and 
DEA found it necessary to make a corresponding adjustment. They used 
cash sales and unexpected pick-up times which required DEA to extend 
its hours of surveillance. They used drop-off points to leave the precur- 
sor until surveillance ended. DEA countered by use of electronic track- 
ing devices. They took evasive action often leaving the chemical supplier 
and DEA used aerial surveillance. 

At this point, the clandestine laboratory operator was attempting to 
defeat cooperative efforis with chemical wholesalers, by seeking out new 
distributors, which may not be coopeiative with the Government. 

DEA countered with anoiher investigative technique aimed at both 
tracking precursors to the laboratory site and identifying laboratory op- 
erators; DEA established a number of chemical wholesale outlets, that is, 
“storefront operations” on its own. 

The “storefronts” are “sting” operations which sell only those 
chemicals, equipment and apparatus used in illicit drug production. The 
operation indicates to its customers that it can be trusted and that it is in 
business for a quick profit. The “storefront” supposedly looks the other 
way as the clandestine laboratory operator obtains the necessary chemi- 
cals and equipment. Many good investigations have been borne out of 
the DEA storefront operations. 

Unfortunately, at the same time actual “outlaw chemical houses”’ 
have emerged. These companies realized tremendous potential profits in 
selling exclusively to illicit laboratory operators at inflated prices. As 
they stocked no control substances, inspection by DEA was made impos- 
sible; they handled only those precursors needed in the manufacture of 
“street drugs”, thereby reducing their own inventory costs. 

These “outlaw houses” have certain other distinguishing features in- 
cluding that they are also involved in legitimate commerce. They oper- 
ate overtly, pay all required taxes and have the necessary licenses. 
Therefore, they exude an air of respectability. They frequently expound 
the opinion “we sell legitimate chemicals and are not responsibile for 
their use.” Additionally, they are uncooperative with law enforcement 
Officials. 

Today the vast majority of clandestine laboratory operators pur- 
chase their precursors from these “outlaw chemical houses”. The results 
of this switch are twofold. 

Firstly, DEA’s program with legitimate wholesalers has been re- 
duced considerably due to a lack of recent successes. Secondly, DEA 
has begun a new phase of “Operation Origination” which targets the 
“outlaw chemical house’”’ itself. 

The object of this operation is an attempt to remove readily avail- 
able sources of precursors and to turn the chemical supply house opera- 
tors into witnesses against the laboratory operators or vice versa, as the 
situation dictates. 

The easiest way to immobilize these businesses is to include them in 
the criminal charges of conspiracy to manufacture illicit drugs. 


An example of DEA's success “Operation Origination” is that in the 
last quarter, four companies have been immobilized, their operators ar- 
rested and all company assets valued at $6,800,000 seized. 

The technique of tracking precursors and laboratory equipment con- 
tinues. 


Informants 


Another very common investigative technique in clandestine labo- 
ratory cases is the utilization of informants. 

As the name implies, these are human sources of information that 
are normally involved either directly in or on the fringes of the criminal 
activity. Their motivations vary, but in the United States consideration at 
time of sentencing or non-prosecution are the primary factors. Other 
common motives are financial reward, revenge, and sometimes the desire 
to extricate oneself from a difficult situation or criminal environment. 

The advantage of utilizing informants is that they represent an inte- 
gral part of the laboratory operators’ world and therefore have devci- 
oped some degree of trust. They learn confidential information during 
their association and are frequently able to introduce someone to ihe law 
enforcement agent or make a controlled purchase of evidence them- 
selves. The chief disadvantage of an informant, however, is his demon- 
strated lack of loyalty. 

In spite of the obvious dangers and disadvantages of working with 
an informant, he remains the single most important element or tool in a 
narcotic investigation. An informant is highly valued and frequently well 
rewarded for his contributions. 


Tips 


Unlike informant information, tips on clandestine laboratory activity 
normally come from uninvolved individuals whose suspicions have been 
aroused. These tips can be extremely valuable in finalizing an investiga- 
tion or in uncovering a heretofore unknown laboratory. 

Tips are merely bits of information passed on by concerned citizens. 
They may come in the form of reports of unusual smells, activity or 
movement. They may be from businesses where items from the laborato- 
ry were purchased, from landlords, or very frequently from neighbors. 

Usually information from these individuals is limited in scope and 
cannot be expanded upon by the sources. A good investigator, however, 
can sometimes take these tips and develop them into a clandestine labora- 
tory seizure. 


Victims 


Victims of drug use, their friends or relatives can be excellent 
sources of leads in a clandestine laboratory case. There are numerous 


drug overdose deaths and hospital admissions attributable to substances 
produced in illicit laboratories, The frustrations felt by either the victims 
or those close to them can frequently produce a willingness to cooperate 
with law enforcement, This cooperation can lead to the location of the 
laboratory, names and locations of those selling the products, methods of 
distribution, or maybe just to a better understanding of the drug sub-cul- 
ture in an area, 


Fires and Explosions 


In a recent survey in northern California approximately 25% of the 
clandestine laboratory seizures by DEA during the survey time period 
resulted from fire or an explosion, The very nature of the precursors and 
solvents used in clandestine laboratories coupled with the lack of exper- 
tise of the clandestine chemist dictates that a significant number of the 
laboratories will burn or explode. In areas of frequent laboratory activi- 
ty, DEA has undertaken a training program for firemen, teaching them 
what to look for during or after a fire and to whom the information is to 
be reported. Such telltale signs of the existence of a laboratory may then 
be easily recognizable. 

Despite total destruction of a clandestine laboratory from a fire or 
explosion, it is usually still possible to make a prosecutable case from the 
remains. Witnesses can place the defendants at the scene and there is fre- 
quently some evidence of the presence of a controlled substance. Obvi- 
ously, good evidence-handling procedures and accurate laboratory analy- 
sis are essential. 


Undercover work 


One of the basic and still most productive methods of investigating a 
narcotics case, including clandestine laboratory cases, is by way of pene- 
tration of an organization in an undercover capacity. The advantages of 
being on the inside include gaining first-hand knowledge of all activity, 
being able to control the situation, setting the tempo of the investigation, 
hand-to-hand purchasing of evidence and having a law enforcement offi- 
cer as the key witness at the time of trial. 

Once successful in an undercover role, the operative is limited only 
by his imagination in the direction that the investigation would take. The 
primary goal would be to immobilize and prosecute high echelon viola- 
tors, and secondarily to remove as many perpetrators as possible. 


Conclusions 


In 1986 DEA seized 509 illicit clandestine laboratories in the United 
States. By far the majority of these laboratories were manufacturing 
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methamphetamine (372), followed by amphetamine (67). There were 23 
laboratories seized converting cocaine base to cocaine hydrochloride. 
Fentanyl! was manufactured by three laboratories and MDMA by five. 
Of the total number of laboratories 31.2% occurred in California and 
24.6% in Texas. Oregon ranked third with 7.2% and Florida fourth with 
4.1%. In conjunction with these laboratory seizures, DEA arrested 2710 
defendants. 

It has been DEA's experiences that the world of clandestine labora- 
tories is very violent and dangerous. Not only does the investigator face 
all the normal hazards encountered in routine police work, but he also 
faces a hostile environment inside the laboratory. Exposure to chemicals 
and contaminants may prove to be more of a long term problem than the 
violator. 

The violator at the laboratory is frequently in a defensive mode. 
Unlike other criminals who are normally encountered in a somewhat 
neutral setting, the laboratory is his territory and he has had time to 
think about defending it. Booby traps are frequently found in clandestine 
laboratories. They range from very sophisticated devices to simple bot- 
tles of ether rigged to ignite the whole laboratory. Basically all laborato- 
ries are protected by firearms and automatic weapons are commonplace. 
As an example of the violence connected with dangerous drugs, the San 
Diego Police Department Homicide Squad estimated that last year over 
40% of all its homicides were related to methamphetamine. 

As the number of illicit laboratories seized increases each year, the 
number of exposures and injuries to DEA personnel increases. Therefore, 
DEA has had to adapt to this changing situation and to find ways of 
protecting its employees. DEA has attempted to increase the specialized 
skills of laboratory investigators with additional training on laboratory 
investigations and safety procedures. Along these lines, DEA has formal- 
ized procedures at the laboratory site in the safe handling of the evidence 
and chemicals. DEA has developed and issued “state-of-the-art” safety 
equipment to those engaged in laboratory raids. 

As the popularity of the various illicit drugs apparently continues to 
grow, so will the efforts being expended by DEA on the investigations 
of clandestine laboratories. 


U.S. Analogue and Chemical Legislation 


Gene R. Haislip 


The U.S. Congress, in response to a need to reduce the time re- 
quired for the control of abusable substances, passed legislation giving 
DEA emergency scheduling authority in the fall of 1984. Beginning in 
April 1985, DEA used this authority on five occasions to emergency 
schedule 13 controlled substance analogues. Although the time required 
for the control of analogues was reduced there was a need for even a 
quicker response. In October 1986, the Controlled Substance Analogue 
Enforcement Act was passed. It established as a criminal act the manu- 
facture and distribution of controlled substance analogues intended for 
human consumption and if such activity was outside the framework of 
the drug development and approval process. A controlled substance ana- 
logue is defined as a substance with a similar chemical structure produc- 
ing or represented as producing a stimulant, depressant or hallucinogenic 
effect similar to that of a Schedule I or II controlled substance. 

Precursor and essential chemical monitoring legislation has been 
proposed in the U.S. Congress. The proposed legislation, the “Chemical 
Diversion and Trafficking Act of 1987”, is a comprehensive proposal 
that would establish a system of sales records, import/export documenta- 
tion, and purchaser identification over a number of select precursors and 
essential chemicals. By way of definition, a “precursor chemical” is a 
substance that may be used in the chemical process of manufacturing 
controlled substances, which is incorporated into the final product, and is 
therefore critical to its manufacture and an “essential chemical” is a sub- 
stance that may be used in the chemical process of manufacturing con- 
trolled substances as a solvent, reagent or catalyst. 

It would be a criminal offense not to comply with the provisions of 
this law. The sale of all tabletting and encapsulating equipment would be 
reported. Exemptions for chemicals available in drug form (e.g., ephed- 
rine) would be provided. It is believed that this is a practical approach 
not providing for ail contingencies but one which provides maximum 
benefits with limited burdens. 


Extent of the Problem 


Cocaine, heroin, PCP and amphetamine/methamphetamine are four 
of the twenty drugs most commonly mentioned in U.S. hospital emer- 
gency room drug abuse episodes. They are also either synthetically pro- 
duced in clandestine laboratories or are produced by illicit processing of 
plant materials, such as in the case of heroin and cocaine. It is estimated 
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that these four drugs alone accounted for over 106,100 hospital emergen- 
cy room mentions in 1986, LSD, another clandestinely produced drug, 
accounted for 2,800 mentions during this period. In the case of all these 
drugs, traffickers must obtain the various precursor and essential chemi- 
cals in order to produce the final product, the abused drug. Clearly clan- 
destine manufacture and processing of drugs of abuse are major U.S. 
problems. 

Since 1980, clandestine drug-producing laboratories have been un- 
covered by law enforcement officials in Belgium, Bolivia, Brazil, Canada, 
Colombia, Costa Rica, Denmark, the Dominican Republic, the Federal 
Republic of Germany, Mexico, the Netherlands, Norway, Panama, the 
Republic of Korea, Sweden, Taiwan, Thailand, Turkey, Venezuela, the 
United Kingdom, and the United States. In addition to these nations 
where illicit drug manufacture occurs, other nations have been implicat- 
ed in the trafficking of these substances or their chemical precursors. 
These include the Bahamas, France, Greece, Indonesia, Japan, and the 
Republic of South Africa 

Laboratories seized in other nations since 1984 were manufacturing 
heroin, cocaine, methamphetamine, amphetamine, methaqualone, and 
LSD. PCP availability in nations outside of the United States has also 
been confirmed. 

In the United States, the major drugs of abuse manufactured clan- 
destinely from available industrial chemicals used as precursors are meth- 
amphetamine, amphetamine, phencyclidine (PCP), methaqualone, 3,4- 
methylenedioxymethamphetamine (MDMA), 3,4-methylenedioxyamphe- 
tamine (MDA), fentanyl, and lysergic acid diethylamide (LSD). In addi- 
tion, significant quantities of coca paste are processed into cocaine hy- 
drochloride 


Summary of Domestic Clandestine Laboratory Seizures 


In FY 1986, a total of 509 clandestine laboratories in the United 
States were seized by DEA and other law enforcement authorities. Of 
these laboratories, 372 were methamphetamine-producing, 67 were am- 
phetamine-producing and 21 were manufacturing only the Schedule II 
controlled precursor of methamphetamine and amphetamine, 1-phenyl-2- 
propanone (P2P). Therefore, a total of 90.4 percent of all seized labora- 
tories in FY 1986 were involved in illicit amphetamine-like stimulant 
manufacture. Together with the 23 cocaine processing laboratories seized 
in the United States in FY 1986, stimulants accounted for 94.9 percent of 
all laboratories seized. 

The second most frequently encountered group in the United States 
was the hallucinogens; they comprised 18 laboratories, or 3.5 percent of 
the total. The hallucinogens which were clandestinely manufactured in- 
cluded PCP (8 labs), MDA (3 labs), MDMA (5 labs), and LSD (2 labs). 
The sedative-hypnotic methaqualone was manufactured by four seized 
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laboratories (less than | percent). Finally, four narcotic-producing lab- 
oratories were also seized in FY 1986; three of the laboratories were 
manufacturing fentanyl and one was producing heroin. 

The total number of seized laboratories, paralleling overall illicit ac- 
tivity, has increased steadily from 197 in FY 1982 to 509 in FY 1986, 
This represents an increase of 158 percent in four years. Additionally, in 
the first half of FY 1987, 302 clandestine laboratories were seized. 


Current Efforts to Reduce Clandestine Laboratories 


The U.S. Drug Enforcement Administration has maintained an 
active voluntary program with the U.S. chemical industry to identify in- 
stances of diversion of precursors and essential chemicals into the illicit 
market. DEA has also enlisted the cooperation of a number of chemical 
producing nations to assist in the identification of suspect shipments in 
international commerce. In addition to voluntary programs, DEA has 
implemented the provisions of the “Piperidine Reporting” provision of 
the Psychotropic Substances Act of 1978 (P.L. 95-633). This created a 
system of mandatory reporting of piperidine sales by the chemical indus- 
try, as well as other requirements to curtail diversion of piperidine. 
While this voluntary cooperative activity and piperidine reporting have 
produced some successes, the clandestine production of illicit dangerous 
drugs and the processing of illicit narcotics continue to be major drug 
abuse problems affecting the United States. 

While voluntary precursor and essential chemical programs have 
been effective in dealing with the problems of clandestine synthesis and 
processing of drugs of abuse, such programs alone are not an adequate 
remedy. Scheduling of immediate precursors under the provisions of the 
Controlled Substances Act might curtail the diversion of these substances 
into the illicit traffic; however, this would bring with it the burden of 
extensive record-keeping, security, labeling, production quotas, and other 
requirements. The challenge the United States is facing today is to devel- 
op an effective system of control that will impact on the diversion of 
precursors and essential chemicals without unduly restricting the legiti- 
mate transactions and uses of these chemicals. 


Summary of Legislative Needs 


1. Clandestinely manufactured dangerous drugs, heroin, and cocaine 
are major drug abuse problems in the United States. 

2. The diversion of precursors and essential chemicals used in clan- 
destine synthesis and processing of illicit drugs is a major contributing 
factor to the availability of drugs on the illicit market. 

3. Past efforts involving voluntary precursor and essential chemical 
programs have provided limited success in dealing with the problem. 
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4. Previous legislative efforts, particularly the “piperidine reporting” 
statute, have provided a strong basis for collecting information on trans- 
actions involving piperidine. However, the expansion of a mandatory re- 
porting scheme for the number of precursor and essential chemicals nec- 
essary to impact on the problem would be overly burdensome on the 
chemical industry and the government. 

5. The authority to control “immediate precursors” under the same 
schedule of the CSA as the drug it produces can be an effective tool in 
reducing diversion. However, this too can result in an excessive burden 
resulting from required security, reporting, record-keeping, quotas and 
other provisions of the CSA. 

6. Additional authority to curtail the diversion of precursors and es- 
sential chemicals will be necessary if an effective law enforcement effort 
is to be mounted against clandestinely synthesized and processed drugs. 

7. This additional authority must temper the needs of the law en- 
forcement community in curtailing the diversion of these chemicals with 
the need to provide for uninterrupted legitimate use of these chemicals. 

8. The “Chemical Diversion and Trafficking Act of 1987” provides 
for an effective deterrent against the diversion of precursor and essential 
chemicals while not inhibiting legitimate utilization of these chemicals. 

9. The United States Government and other nations must continue 
their national and international efforts to impact on trafficking in both 
clandestinely produced drugs and the chemicals used in illicit manufac- 
ture and processing. 


Misuse of Drugs Enforcement in the 
United Kingdom 


Dr. A.W. Scaplehorn 


The misuse of drugs is a matter of great concern to Her Majesty's 
Government and to people throughout the United Kingdom. It has been 
the cause of many personal and family tragedies. The Government gives 
the highest priority to tackling the problem and greatly values the com- 
mitment shown by the wide range of groups and individuals who share 
their concern both nationally and internationally. 

There can be no single explanation for the increase in drug misuse 
and the problem has to be tackled in a variety of ways. In the UK, the 
Government’s strategy is embodied in the booklet published by the 
Home Office entitled “Tackling Drug Misuse: A Summary of the Gov- 
ernment’s Strategy.” Essentially the problem is being tackled on five 
major fronts: 

—reducing supplies from abroad 

—making enforcement even more effective 

—strengthening deterrence and tightening domestic controls 

—developing prevention 

—improving treatment and rehabilitation 

Overseeing, coordinating, giving impetus to and reviewing the many 
measures which give practical effect to the Government's strategy is an 
interdepartmental Ministerial Group on the Misuse of Drugs under the 
chairmanship of one of the Home Office Ministers who has special re- 
sponsibility for drug matters. The Home Office has the lead responsibil- 
ity for developing and coordinating the implementation and presentation 
of both the domestic and the international aspects of the Government's 
strategy for combating drug misuse. It is also responsible in England and 
Wales (and, in certain respects, Scotland) for the scope, effectiveness, en- 
forcement and administration of the controls in the Misuse of Drugs Act 
of 1971 and its associated subordinate legislation. Other departments with 
an active involvement include the Department of Health and Social Se- 
curity, the Department of Education and Science, the Department of the 
Environment, the Board of HM Customs and Excise, the Ministry of De- 
fense, the Foreign and Commonwealth Office, the Overseas Department 
Administration, the three departments of the Scottish Office, the Welsh 
Office and the Department of Health and Social Security Northern Ire- 
land and the Department of Education Northern Ireland. 

The principal legislation concerned with the control of drugs in the 
United Kingdom is the Misuse of Drugs Act 1971 and the various regu- 
lations made under it. Other relevant legislation includes the Medicines 
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Act 1968 and the Customs and Excise Management Act 1979 and the re- 
cently introduced Drugs Trafficking Offenses Act 1986. 


The Misuse of Drugs Act 1971 


This Act preserved the general pattern of control established by ear- 
lier legislation but made more extensive provision for controlling drugs 
in order to prevent their misuse, and for dealing with social problems 
connected with their misuse. Flexibility of control is offered, first, by the 
power to bring a drug under control by Order in Council and, second, 
by wide powers to make regulations. 

The Act established the Advisory Council on the Misuse of Drugs 
with the task of keeping under review the misuse of drugs in the United 
Kingdom and of advising Ministers on measures to deal with the social 
problems caused by such misuse. 

It also prohibits the import and export, production and supply and 
possession of controlled drugs, but enables regulations to be made and/or 
licenses to be issued to exempt legitimate trade in, and use of, controlled 
drugs from these provisions. 

The Act enables the Home Secretary to give a direction in certain 
circumstances withdrawing from a doctor, dentist, veterinary surgeon, 
practitioner, or pharmacist, his authority to prescribe specified controlled 
drugs, for example. 

The principal offenses under the Act are those created by Section 4 
(unlawful production and supply), section 5 (unlawful possession, and 
possession with intent to supply unlawfully), (permitting the use of prem- 
ises for certain activities in regard to controlled drugs) and Sections 
12(6) and 13(3) (contravening a direction of the Home Secretary prohib- 
iting a practitioner from prescribing). Offenses of unlawful import and 
export (Section 3) are established under the Customs and Excise Manage- 
ment Act 1979 (see below). 

The broad principle governing penalties is that the highest penalties 
related to trafficking in its various forms, and penalties, in general, are 
graded in accordance with the degree of harm accorded to the particular 
drug concerned by its place in Class A, B or C of Schedule 2. Thus, the 
current maximum penalty for trafficking in a Class A drug is life impris- 
onment. Simple possession of a Class C drug attracts a maximum two 
years imprisonment. 

The drugs listed in Schedule 2 are as follows: Class A includes 
opium, heroin, methadone, morphine, and other narcotic drugs placed 
under the strictest control by the United Nations Single Convention on 
Narcotic Drugs, 1961. It also contains derivatives of cannabis and certain 
other hallucinogens, such as LSD, and injectable amphetamines, which 
are controlled under the 1971 Convention on Psychotropic Substances. 

Class B includes six opiate drugs, one of them being codeine, which 
are less strictly controlled under the Single Convention. It also includes 
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cannabis, cannabis resin, six stimulant drugs of the amphetamine group 
controlled under the 1971 Convention and medium and long-acting bar- 
biturates. Three further 1971 Convention drugs, i.e., glutethimide, lefeta- 
mine and pentazocine, are included in Class B by Order in Council (The 
Misuse of Drugs Act 1971 (Modification) Order 1985 (SI 1985 No 1995) 
effective 1 April 1986). 

Class C contains other drugs in the amphetamine group, some con- 
trolled internationally, which, on present experience, are considered to 
be less dangerous. The Order mentioned above also added 33 tranquiliz- 
ers of the benzodiazepine group, including diazepam, four sedatives and 
two appetite suppressants (all 39 drugs are controlled under the 1971 
Convention) to Class C effective 1 April 1986. 


The Medicines Act 1968 


This Act provides for the control of medicinal products and certain 
other substances and articles through a system of product licenses and 
clinical trial certificates, and the licensing of firms or persons engaged in 
the manufacture or assembly of such products or by wholesale dealing in 
them. The Act also provides that all medicines, except those appearing in 
a General Sale List, shall be sold only from registered pharmacies and 
that certain medicines may be supplied only on prescription. 


The Customs and Excise Management Act 1979 


This Act creates (Sections 50, 68 and 170) various offenses in rela- 
tion to the importation and exportation of goods contrary to any prohibi- 
tion or restriction for the time being in force under any enactment with 
regard to the goods. Schedule I of this Act provides penalties where a 
smuggling offense involves a drug controlled under the Misuse of Drugs 
Act 1971. The maximum custodial sentences are the same as those for 
trafficking offenses under the Misuse of Drugs Acct. 


The Law Reform (Miscellaneous Provisions) (Scotland) Act 
1985 


Section 39 of this Act inserts a new section 193B into the Criminal 
Procedure (Scotland) Act 1975. This section provides that when a court 
sentences a person to imprisonment for a drug trafficking crime it is to 
consider the profits likely to have been made by the offender from that 
crime and impose a fine in addition to the term of imprisonment unless 
the court considers it inappropriate to do so. 

Section 193B of the 1975 Act further provides that where an offend- 
er defaults on the payment of such a fine, any term of imprisonment im- 
posed in default will be served consecutively upon the main term of im- 
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prisonment or detention imposed with respect to the drug trafficking 
crime (unless the original sentence is one of imprisonment or detention 
for life). 

For the purposes of this provision a drug trafficking crime is defined 
in Section 193B(4) of the Criminal Procedure (Scotland) Act 1975 as in- 
serted by Section 39 of the Law Reform (Miscellaneous Provisions) 
(Scotland) Act 1985. 


The Drug Trafficking Offenses Act 1986 


This applies to England and Wales and includes measures to 
strengthen investigative powers and to permit the pre-trial freezing of 
suspected drug traffickers’ assets, backed up on conviction by immediate 
confiscation of the assets to the value of the entire proceeds made from 
trafficking. 


Enforcement 


Enforcement of the legislation is undertaken by the Customs and the 
police. 

There are two principal aspects of customs control. First, there is 
preventive control by staff at ports, airports, container depots and parcel 
post depots and on coastal surveillance. Secondly, there is investigation 
by specialist investigation officers working on information and intelli- 
gence gathered from various sources at home and overseas in order to 
anticipate, target and intercept consignments. There is a close working 
relationship between the preventive staff and the specialist investigators, 
each providing invaluable support for the other. 

The police operational response is at three broad levels. Uniformed 
and plain clothes officers deal with offenses involving the individual mis- 
uses which arise in the normal course of their duties. The drug squads 
and CID deal with more serious cases of misuse of drugs and trafficking 
offenses occurring within the force area. The Regional Crime Squads to- 
gether with their recently introduced Drug Wings provide a mobile net- 
work of experienced detective officers who are able by virtue of their 
organizational structure, to investigate drug trafficking networks involv- 
ing more than a single force area and which might stretch across the 
country. There are also frequent police/Customs joint operations. 

Supporting these operational arms is a National Drugs Intelligence 
Unit (NDIU) to provide both the police and the Customs with nationally 
coordinated intelligence to aid their efforts to combat the spread of ille- 
gal drugs. This non-operational unit is run from New Scotland Yard and 
is headed by the National Drugs Intelligence Coordinator. Its staff is 
drawn from officers from police forces throughout the United Kingdom 
and from Customs Officers. Closely linked to the NDIU is the Drugs In- 
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telligence Laboratory at Aldermaston which receives intelligence from 
all the UK forensic science laboratories. Details of all cases involving sei- 
zures of greater than one gram of heroin, methamphetamine and amphet- 
amine, together with all lysergide (LSD) and cocaine cases and any un- 
usual controlled drugs are transmitted from the forensic science laborato- 
ries to Aldermaston and then on to London for intelligence analysis. 

Related to this laboratory input is the precursor monitoring program 
undertaken by the Home Office Drugs Inspectorate and local police 
forces and coordinated centrally by NDIU. 
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SLANG PAGE 


Drug Law Enforcement in a Developing 
Country 


Prof. Juan Carlos Garcia Fernandez 


International Conventions 


Argentina has a broad and rich tradition of adherence to internation- 
al treaties, conventions, and protocols on drug control. This tradition 
began with the International Opium Convention (Hague) which was 
signed on January 23, 1912, approved by Resolution No. 16.765 and 
changed to Law Number 12.912 on December 26, 1947. It was followed 
by the International Opium Convention (Geneva) signed on February 19, 
1925 in Geneva, approved by the Argentine Government by Resolution 
Number 88125 on August 10, 1936. Other treaties, conventions, and pro- 
tocols to which Argentina adhered are described below. 

The Convention for Limiting the Manufacture and Regulating the 
Distribution of Narcotic Drugs (Geneva, 1931) was approved by the 
Resolutions previously mentioned (1936) and ratified by the same Law 
(1947). The Lake Success Protocol (1946) modified the mentioned Con- 
ventions and transferred some health related functions of the League of 
Nations to the World Health Organization (WHO). Argentina joined the 
Protocol for Limiting and Regulating Cultivations of the Poppy Plant, 
the Production of International and Wholesale Trade in and Use of 
Opium (New York, 1953) on December 26, 1957 by Law Resolution No. 
16.919. 

The Single Convention on Narcotic Drugs (1961), completed in 
New York on March 30 of that year, was approved by the Government 
of Argentina on December 13, 1963 by Resolution-Law No. 7672, with 
some reservations. The Convention on Psychotropic Substances was then 
signed in Vienna on February 21, 1971. 

The Protocol modifying the 1961 Single Convention on Narcotic Drugs, sign- 
ed in Geneva on March 25, 1972, was ratified by Argentina by Law No.20.419 
(September 23, 1976). 

Finally, the South American Agreement on Narcotics and Psychotropics, 
signed in Buenos Aires on April 27, 1973, was ratified by Law No. 21.422 on 
September 23, 1976. 

In accordance with Article 49 of the Single Convention on Narcotic Drugs, 
1961, regarding transitional reservations, Argentina reserved the right to permit 
in part of its territory (Salta, Jujuy and Tucuman Provinces, all of them in Nor- 
thwest Argentina) coca leaf chewing to satisfy the ancestral habits of the native 
population and the particularly difficult conditions of the life in those regions (Ar- 
ticle 49, paragraph 1(c)). 

The Convention requires that ‘‘coca leaf chewing must be abolished within 
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twenty-five years from the coming into force of this Convention as provided in 
paragraph one of Article 41'° (That means 1987) (Article 49, paragraph 2(e)), 

According to an internal Resolution (1958), the importation of coca leaves 
which was 190 tons in 1958, was to be restricted to ten tons per year, so that 
since 1977 practically no more coca leaves have been licitly imported into 
Argentina, 

Thinking that the seriousness of drug abuse required permanent and con- 
solidated attention from all the countries of South America, these nations held 
a Plenipotentiary South American Conference on Narcotics and Psychotropic 
Substances (Buenos Aires, April 25-27, 1973), 

In the 16 articles of the conference Agreement the participating nations agreed 
to hold periodic meetings, to create an institution to coordinate and centralize 
in each country everything related to drug abuse and control, to give support to 
scientific investigations, to standardize rules of the countries which signed the 
Agreement, to give high quality training to security forces, to benefit from infor- 
mation interchange with Interpol, etc. (Buenos Aires, March 27, 1973), Later 
on, two additional protocols on health sanitary and penal legislation were added. 

Article 10 of the Agreement provides u description of the objectives and prin- 
ciples of those present. Article 10: To enforce the necessary regulations to get 
a close collaboration and an efficient information interchange in everything related 
to the fight against the illegal use of narcotics and psychotropics, especially with 
reference to: (a) Illicit traffic control; (b) Hlicit traffic suppression; (c) Coopera- 
tion between federal security forces, (d) Harmonization between penal and civil 
laws, (¢) Uniformity of administrative regulations on the sale, (f) Prevention of 
drug abuse; and (g) Treatment and rehabilitation of drug addicts. 

The Argentina Republic has been a member of the CICAD (IN- 
TERAMERICAN COMMISSION FOR DRUG ABUSE CONTROL) since the 
FIRST PERIOD OF ORDINARY SESSIONS (April 21-25, 1987). 

The RIO DE JANEIRO INTERAMERICAN PROGRAM OF ACTION 
AGAINST USE, PRODUCTION AND ILLICIT TRAFFIC OF NARCOTICS 
AND PSYCHOTROPIC SUBSTANCES, establishes the areas in which CICAD 
activities will develop. Principal fields for CICAD are: (a) Interamerican coopera- 
tion, (b) Principal aspects and program priorities, and (c) Relations with United 
Nations and other subregional organisms. 

The program priorities are: (1) demand reduction; (2) supply reduc- 
tion; (3) organization of a new data bank, and other subjects such as 
drug abuse prevention; treatment and rehabilitation, and investigation. In 
the area of supply reduction, law enforcement will focus on production 
and other important items. The future importance of this international or- 
ganization is obvious. 


National Laws 


Health sanitary legislation is chiefly based upon two laws: Law 
Number 17.818 on Narcotics (July 29, 1968), and later modified by Law 
Number 18.346 of September 12, 1969 and Law Number 19.303 on Psy- 
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chotropic Substances (October 11, 1971), later modified by the Law 
Number 19,678 (June 12, 1972) and Law Number 20,179 (February 22, 
1973). 

Law Number 17.818 on Narcotics in its general resolutions defines 
the substances which qualify as ‘‘narcotics'’, establishes quantities that a narcot- 
ic substance may be consumed, imported and exported. The rules further regulate 
home production, home commerce, public expenditures, the fines to infringers, 
and their prescription. 

This law covers all the narcotic substances under control in Argen- 
tina in four schedules which are periodically revised. 

Resolution Number 81 (January 13, 1958) determined that coca leaf 
importation for legal consumption was to be reduced. Legal importation 
of coca leaves decreased from 190 kg, in 1958 to 10 kg, in 1976, 

Since the Convention on Psychotropic Substances had not been rati- 
fied by the Argentina Republic as of October 1971, the Technical De- 
partment of the Public Health Secretary together with the National Insti- 
tute of Mental Health and the Section on Personal Security of the Feder- 
al Police, based on the recommendations of the Economic and Social 
Council, drafted a law providing for health regulations regarding import 
control, distribution and the scientific use of psychotropic drugs, and es- 
tablishing penalties for illicit actions involving some psychotropic sub- 
stances. These proposals became Law 19.303 on October 11, 1971. 

Chapter | of Law 19.303 defines psychotropic substances as those 
included in Schedules I through IV. Subsequent chapters treat other 
areas including importation, exportation, national preparation, home 
commerce, retail commerce, shipments, penalties, prescriptions, preven- 
tive measures, etc. 

Schedules I to IV are not unalterable; on the contrary, they may be 
periodically modified to reflect the new or changing drugs of abuse in 
Argentina (for example, as shown by the addition of methaqualone and 
pentazocine). These substances were scheduled in Argentina before the 
United Nations Commission on Narcotic Drugs placed them under inter- 
national control. 

Trends concerning psychotropic drug abuse are very well known in 
Argentina. Many papers have been specifically written regarding this 
aspect of drug abuse by individuals in intoxication centers, specialized 
laboratories, and rehabilitation and treatment centers (CENARESO). 

It is necessary to closely watch pharmaceutical drugs to be able to 
follow changes in consumption and to spot the appearance of abuse. 

Permanent control under Argentine law made it possible to act 
quickly in situations like those involving the abuse of pentazocine even 
before these problems became so serious that international control was 
necessary. In the case of the benzodiazepines, Argentina, together with 
other member states, followed an energetic policy that culminated when 
the Commission on Narcotic Drugs decided by a wide majority to in- 
clude them (33 benzodiazepines) in Schedule IV of the Convention. Such 
control means that, at a minimum, a medical prescription must be kept at 
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the pharmacy as a requirement of sale. 

Drug abuse was again changing in Argentina, Local statistics 
showed that out of 173 abusers, 12 percent used dextromethorphan bro- 
mohydrate. Therefore, it was decided under Resolution Number 129 of 
the Ministry of Health and Social Action, that pharmaceutical products 
containing dextromethorphan bromohydrate may be dispensed only with 
a maintained record and with accompanying information that at high 
doses they may produce psychic dependence (This Resolution was sup- 
ported for similar antecedents as Resolution Number V/18 from ASEP 
or Resolution from Oriental Republic of Uruguay). 

Based on information that out of 447 drug dependent patients, 30.4 
percent abused the antitussive Zipeprol, it was decided to include it in 
the same regime under Resolution Number 129 (February 6, 1982). 

Law Number 20.771 filled a void in Argentine law regarding the 
abuse and control of narcotics. The narcotic substances were defined 
under several resolutions that began with Number 162.74; 845/75 and 
1802/76. Prohibited activities involving specified ‘‘narcotics” are enumer- 
ated in Article 10 of the Law (Cattani, 1977). Other resolutions to peri- 
odically update the law followed those already mentioned. 

Law Number 20.771, sanctioned on September 26, 1974, was pro- 
mulgated on October 3, 1974. The law establishes penalties for those 
people who are authorized to sell medical substances but dispense them 
in a manner (quality or quantity) not in accordance with a medical pre- 
scription; for those who sow, cultivate or keep seeds capable of germina- 
tion; for those who produce, extract or prepare narcotics; for physicians 
who prescribe narcotics for non-therapeutic reasons; for those who facili- 
tate the use of a place for the mentioned activities; for those who keep 
narcotics even for personal use; for those who try to induce other per- 
sons to consume narcotics and for those who use narcotics in public 
places. 

Resolution Number 162 (S.E.S.P.—State Secretary of Public Health) 
indicates which drugs are scheduled in the last paragraph of Article 77 
of the Penal Code. Another article was added to Law Number 20.771 
(Article 9 Bis) that establishes immediate incineration of specimens of Pa- 
paver somniferum L., Erythroxylon coca and Cannabis sativa L. 


Drug Law Enforcement Institutions 


The NATIONAL COMMISSION AGAINST NARCOTRAFFIC 
AND DRUG ABUSE (CONCONAD) functions in Argentina as a co- 
ordinating institution in control of drug abuse. A table of organization is 
shown below in Figure 1. 

The security forces with the specific function of narcotraffic control 
are the Argentine Federal Police, the Federal Frontiers Police, Federal 
Coast Guard, Airport Police and the Federal Customs Department. They 
have a very important function in the detection of traffickers and drug 
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Figure 1 


National Commission Against Narcotraffic and 
Drug Abuse 


| PRESIDENT | 


| EXECUTIVE VICE-PRESIDENT | 


From From HOME MINISTRY From DEFENSE MINISTRY | 
Human Develop and Home Division Defense Division | 
Family Division | 

Health Program Division 


Health Division | 


Social Promotion 


Division Administrative and Latinoamerican Affairs | 
Regulation and Coordination Division Division 
| ontrol Division da 


Saaeecee ~---------- 


From Governmental hy Private Institutions 
1ganisms) or Public Welfare) 


ASSESSING STAFF 
L 


at 


revention a nitary Control] rity L 1. International 
Assistance and Biochimic |_| SubCommittee | | « ~ ie Attairs 
SubCommittee Investigation mmeattete : 


noechnandnnnebece 


SPECIFIC WORKING GROUPS 


smuggling, through the Dangerous Drugs Office. 

The Federal Police are directly under the Interior Ministry; the 
other three Security Forces are under their respective Armed Forces. 
The Federal Customs Department is under the Ministry of Commerce. 

The Federal Police, and the Federal Coast Guard have important 
laboratories. The Federal Justice Laboratory deals with most of the drug 
problems while Federal Frontiers Police and Federal Coast Guards also 
have laboratories which are used according to their needs. 
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Open and Integrated Information Network for Equipment and 
Systems Interconnection (Corsunsky) 


In supporting establishment of a data bank for the Argentine Police 
Agreement, CONCONAD led to help in creating the “Open and Inte- 
grated Information Network for Equipmert and Systems Interconnec- 
tion,” 

In January 1987 an agreement was signed by the Argentine Federal 
Police, the Federal Migrations Department, the Federal Frontiers Police, 
and the Federal Customs Department, whose aim is to use the data bank 
to check on persons prior histories. 

It is the responsibility of the Federal Judiciary to enforce laws ap- 
proved by the National Congress, to give opinions on the responsibilities 
of each case and person, and to apply the corresponding penalties. 

Federal Judges have direct jurisdiction in drug related cases, al- 
though due to the complexity of some cases (attempted suicide, overdose 
deaths, etc.), Judges of Criminal Instruction and Sentence may intervene. 

The Forensic Medical Body, dependent on the Federal Court of Ap- 
peals on Criminal and Correction Actions, has responsibility in many 
cases of casualties due to drug overdose, suicides, and related accidents. 
The Buenos Aires Forensic Medical Body is made up of approximately 
thirty-six forensic doctors who work in pairs. The Dean of the Forensic 
Medical Body is responsible for the Laboratory on Toxicology and 
Legal Chemistry which specifically deals with visceral analysis and all 
types of drugs, both pure drugs as well as those in biological media. The 
laboratory is under the direction of two forensic chemical experts. 

Each province has its own Supreme Court (as does the Nation as a 
whole), cameras and forensic medical body, with a variable number of 
components according to its state. Unfortunately, not all of them have a 
complete forensic medical body. 

The data bank previously has produced some interesting statistics 
for 1986. Drug trafficking cases showed a large increase in 1985, which 
continued through 1986 (Datos de Policia Federal, 1987) (Figure 2). 

As a consequence, an increase in the number of traffickers arrested 
is also noticed (Figure 3). 

Marijuana seizures show a similar profile, with more than a 100 per- 
cent increase from 1984 (745,691 g seized in 1984) to 1,553,936 g in 1985. 
That increase is maintained through 1986 (Figure 4). 

Marijuana plant seizures, however, only increased substantially in 
1986. It is necessary to keep in mind that according to some earlier statis- 
tics only 10 percent of the consumed marijuana in Argentina came from 
local illicit crops. According to the same statistics, imported marijuana 
was used in the country. The increase in seizures was not only due to 
local production, but due to smuggling, specifically through the North- 
east border (Figure 5). 

There could be several reasons for such increases, particularly since 
there were no changes in drug legislation. These reasons could be: (1) a 
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greater efficiency of the security forces, partly due to an improvement in 
facilities and specialized training, (2) an intensification of the drug traffic, 
as a consequence of greater concentration, and an increase of traffickers 
in the area due to their shifting towards South America and its consumer 
centers. 

Seizures of hashish have been decreasing since 1984 (Figure 6), 
being now sporadic. There is not much hashish drug traffic in Argentina. 
Security force statistics regarding seizures of psychotropic drugs, which 
are heavily used perhaps do not reflect the real situation because they 
are not included in the schedules of the penal law (Figure 7). Their real 
importance in the problem of drug abuse in Argentina can be seen in sta- 
tistics from Intoxication Centers, Medical Emergency Services, Toxico- 
logical Analytical Centers, and the Laboratory on Toxicology and Legal 
Chemistry of the Forensic Medical Body of Federal Justice (Garcia Fer- 
nandez, 1985). This information reveals the importance of psychotropic 
drugs consumption, especially the benzodiazepine depressants. The following 
therapeutically used psychotropics are abused: diazepam, lorazepam, 
flunitrazepam, trioxifenidile, dextromethorphan, zipeprol, and barbituric acid 
derivatives. 
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Figure 5 
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LSD seizures are seen occasionally (Figure 8), but currently LSD 
trafficking is a severe problem in Argentina. Likewise, there have been 
minimal seizures of morphine and opium in the last years, reflecting the 
minimal consumption of these substances in Argentina (Figure 9 and 10). 

Coca leaf seizures have been low but consistent from 1982 to 1986 
(Figure 11). One must remember the 25 year reservation made by Argen- 
tina as a Member of the Narcotic Convention of the United Nations 
(1961) to allow coca leaf chewing in those areas where it has been an 
established custom. New laws are being considered in Congress which 
may change the legal “status” of coca leaf chewing. 

Cocaine seizures have increased tremendously between 1982 and 
1986; the highest rate of increase was over 100 percent between 1985 
(155,956 g) and 1986 (360,126 g) (Figure 12). Coca enters Argentina 
through the Northwest Frontier (Salta and Jujuy Provinces) which bor- 
ders Bolivia. Drug traffic has become an even more serious control prob- 
lem since Argentina, which was once only a drug transiting country has 
become a country where traffic and consumption exist. 


Precursor, Essential and Reagent Chemical Control 


At this time, control of essential chemicals in Argentina is limited to 
those chemicals used in the production of cocaine hydrochloride. These 
substances are smuggled into Bolivia where their sale is restricted. 

This problem was first noticed in June, 1982 when the Regiment 
“Oran” from the National Frontier Police (Gendarméria Nacional) in- 
formed the Ministry of Health that local people from various businesses 
bought great quantities of chemical products that were smuggled into 
Bolivia (hydrochloric acid, sulfuric acid, ethyl ether, formaldehyde, ace- 
tone, borax, sodium bicarbonate, ammonia water, etc.). The packaging 
was changed and the chemicals were put into cooking oil bottles or flour 
bags, and under the regime of “neighbor frontier traffic,” they crossed 
the border. At other times the products were smuggled at night where 
no border guards were located. This was the reason why federal repre- 
sentatives asked for Executive Power to adopt “more energetic and ef- 
fective” measures to prevent the uncontrolled sale of several of these 
substances. 

After the province of Salta adopted such control measures, the Fed- 
eral Government passed National Resolution Number 365 (November 12, 
1986) for the control of the importation and exportation of chemical sub- 
stances which were listed in Annex “A” (precursors) and Annex “B” (es- 
sential chemical products) of the resolution. 

Annex “A” includes: rye ergot, phenyl-2-propanone, phenylacetic 
acid, anthranilic acid, N-acetylanthranilic acid, piperidine, ergotamine 
and its salts, ergonovine, and norpseudoephedrine which are precursors 
for the production of amphetamines, phencyclidine, LSD, and methaqua- 
lone. 
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Annex “B” includes: ethyl alcohol, petroleum ether, kerosene, hy- 
drochloric acid (concentrated and dilute), sulfuric acid, sulfur trioxide, 
ammonia, ammonium hydroxide, sodium and potassium hydroxides, 
sodium sulfate, sodium carbonate, potassium carbonate, potassium per- 
manganate, benzene, xylene, chloroform, methyl alcohol, ethyl ether, ac- 
etone and methyl ethyl ketone (Decreto Nacional No. 365, 1986). 

The abuse of volatile solvents by inhalation was first reported in 
1968. In 1975 the known cases of the Neuropsychiatric Borda Hospital 
Buenos Aires and of the Treatment and Rehabilitation Center (CENAR- 
ESO) were reviewed. This review included a description of organic sol- 
vents used as drugs of abuse. The abuse of solvents and glues increased 
in 1981-1982. The chief substances were adhesives and glues that contain 
toluene as the solvent, naphtha, aerosol pharmaceutical products with 
freon, which have caused several deaths, butane and industrial solvents, 
the most dangerous of which is benzene. 

The situation has become so serious both in Buenos Aires and in the 
Provinces that currently Congress is considering three proposals whose 
aim is to control the sale of adhesives and glues that contain solvenis or 
volatile organic compounds as diluting substances. These three proposals 
have been integrated into one which prohibits the use of benzene in the 
above mentioned products, limits its sale to people under 16, requires 
them to be labeled as “highly toxic” products and impose taxes on those 
who violate the rules. 

Recently, Commandant Esquivel (from the Gendarmeria Nacional) 
said: ‘“‘Argentina continues to be a transit country, in different ways, but, 
perhaps as it had been foreseen, with an increase in the use of drugs in 
permanent form.” 

Important centers were detected in Misiones, Neuquen, Cordoba, El 
Bolson, Bariloche and San Martin de los Andes. In these last patagonic 
areas, marihuana cultivation is carried out, even in small flower-pots, 
with the benefit of a special microclimate. 

Although coca-chewing is now forbidden in Argentina, it is well 
known that in an area of approximately 292,000 square km. (Jujuy, Salta, 
Catamarca, Tucuman and Formosa), 180,000 people usually do it, spe- 
cially at the sugar works. 

It is characteristic of very poor areas. It is a problem not only of 
drug dependence, but of a serious social and economic condition, to 
which other problems such as alcoholism and tuberculosis may be added. 

Since the magnitude of the problem of home consumption of drugs 
is not easily measured, at least in our media, the best parameter to appre- 
ciate it quantitatively, is narcotraffic. For example: seizures of cocaine in 
1984 reached 13 kilograms; in 1985, 62 kg., in 1986, 110 kg. and in the 
first six months of 1987, 70 kilograms (Data from Federal Frontier Police 
only). 

Coca leaf seizures: in 1984, 10,923 kg.; in 1985, 13,775 kg.; in 1986, 
17,814 kg.; and in the early 1987, 70 kg. They enter Argentina through 
La Quiaca, Aguas Blancas and Professor Salvador Mazza. 
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Buenos Aires is the starting point of the traffic towards Europe and 
the United States because its airport is the most important in this part of 
the continent. From Santa Cruz de ia Sierra (Bolivia) the first step is 
Jujuy, by plane, and then by land to Buenos Aires. 

Marijuana production is about a ton per hectare, with two annual 
crops. It is cultivated in Patagonia, very far from the northern frontier, 
for several reasons; one of them is because several years ago “hippy” 
groups established there; another is because in Chile marijuana is legal 
for textile use. The rest of it comes to Argentina by illegal traffic. The 
area of great production of marijuana in Chile is Ayacucho (Mendoza 
Argentina). 

A new law on narcotics is presently being considered by the Federal 
Penal Legislation Commission of the Lower House (Ordinary Sessions, 
1986; Day Order No. 691). The legislation deals with “Narcotics, Legal 
Prevention, Regulations for their production, fabrication, sale and their 
use.” This project was approved with modifications by the Federal 
Senate, and is on revision by the House of Representatives. Many pun- 
ishable situations are considered in detail; sowing or cultivating of plants 
to produce narcotics, production, preparation, commerce, distribution 
and traffic, when for profit; introduction into and dispatch from the 
country. The law establishes the situations in which penalties must be in- 
creased. 

An important modification of this law reduces the penalty in cases 
of small quantities for personal use. 

In those traditional areas of coca leaf chewing, the Magistrate will 
be able, according to circumstances of the case, to eliminate or reduce 
the penalty to a minimum. 

In cases of dependence, treatment or detoxification and rehabilitation pro- 
grams in adequate centers will be indicated. 


Conclusion 


Although the drug abuse situation in Argentina has not reached the 
serious level known in other parts of the world, it is serious enough to 
bring about the adoption of urgent measures to enforce strict control of 
the situation involving increased drug traffic. 
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Concerns of Industry 


Margaret Cone 


The International Federation of Pharmaceutical Manufacturers As- 
sociation (IFPMA), through Member Associations in 51 countries, repre- 
sents the manufacturers of prescription medicines in the developed and 
developing world, For several years IFPMA has been actively involved 
with the World Health Organization's (WHO)'s review of psychoactive 
substances, for possible scheduling under the international drug control 
conventions, where this action has involved drug substances with a 
therapeutic use in marketed products. The position of the pharmaceutical 
industry, with regard to regulation of medicines and legislation on con- 
trolled substances is by no means a negative one. The industry recog- 
nizes and supports the need for, and usefulness of well founded, equitable 
national controls over the manufacture, distribution and sale of medicinal 
products. Concern has, however, arisen in connection with the imple- 
mentation of the international conventions in recent years. The first con- 
cern is that the efficiency and effectiveness of the treaties may be under- 
mined by the inclusion of large numbers of therapeutic substances for 
which there is little evidence of a serious global problem. Industry be- 
lieves that there are examples of this to be found in recent scheduling 
decisions. A second major concern is for the patient, the legitimate con- 
sumer of the psychoactive medicines which come under international 
control. Countries in the Third World, without the infrastructure to 
handle basic regulation of medicines (prescription-only restrictions, con- 
trol of retail outlets, etc.) may apply unduly stringent controls in the case 
of narcotics—which can have serious effects on the access and availabil- 
ity of essential medicines to the patients who depend on them. 

Although legislation on controlled substances may stimulate the de- 
velopment and proliferation of analogues by the illicit manufacturer there 
is concern that the same legislation may act as a deterrent to the research 
and development of new psychoactive medicines by the legitimate indus- 
try. Of particular concern is the development of substances for the treat- 
ment of drug addicts or for alleviation of symptoms of withdrawal since, 
by using such drugs in an abuser population there is a high probability 
that the substances themselves will come under suspicion and be subject 
to the review procedure. 

There are, however, important areas for cooperation between indus- 
try and the international agencies in the field of information exchange 
and evaluation of data on instances of reported abuse of medicinal drugs. 
Every effort should be made to promote such cooperation and to foster 
greater confidence in both parties. 


The prospect of additional controls on precursors, solvents, and rea- 
gents are of obvious concern to companies whose manufacturing oper- 
ations depend on such substances and extensive consultation between in- 
dustry and regulatory bodies is obviously essential. 

The establishment of priorities, on a rational basis, and the mutual 
recognition of the problems of both parties—the regulated and the regu- 
lators—should improve the prospects of finding a workable solution to 
the emerging threat posed by the illicit analogue manufacturers. 


The Problem of Analogues vs 
International Drug Treaties 


Dr. Istvan Bayer 


The problem of analogues of drugs of abuse is not new. It is demon- 
strated by examples of how problems could be solved by international 
instruments under various conditions and in different periods of time. 
Possibilities were offered by the Single Convention on Narcotic Drugs, 
1961 for the solution of current problems but these possibilities were hin- 
dered by the existence of the Convention on Psychotropic Substances, 
1971. The 1971 Convention does not allow the direct application of the 
similarity concept for the scheduling of substances and this obstacle 
cannot be removed without amending that Convention. Such an amend- 
ment to the 1971 Convention can be suggested but passage would be a 
lengthy process. Therefore, an immediate course of action is suggested 
through a resolution by the Commission on Narcotic Drugs. 

The fifteenth Norman Kerr memorial lecture of the Society for the 
Study of Inebriety was delivered by Sir Malcolm Delevingne on October 
2, 1934 at Friends’ House, Euston Road, London, on “Some international 
aspects of the problem of drug addiction.” Sir Malcolm, the British rep- 
resentative in the Opium Advisory Committee in the League of Nations 
presented an excellent overview of the international drug problems of 
the 1920’s and 1930's and the description of the development of the inter- 
national drug control system. The greatest international problem of this 
period was the unlimited manufacture of opiates (first of all morphine 
and heroin) by European firms who were engaged in the illicit traffic on 
a big scale. This situation was clearly described by Sir Malcolm who 
added the following remarks (Delevingne, 1935): 

“. . . One device which was operated with success, and on a large 
scale by such firms was the conversion of morphine into one or other of 
its esters—in particular, benzoyl morphine—from which the morphine 
could be recovered without difficulty or which could themselves serve 
as drugs of addiction. These esters were not covered by the terms of 
either the Hague Convention or the 1925 Convention. In 1928, when the 
facts came to light, the Advisory Committee recommended that Govern- 
ment should apply the system of -ontrol to benzoyl morphine, and by 
1930 most Governments had done so. This omission has now been made 
good by the Convention of 1931.” 

The term of “large scale” is justified because: 

“ . . In the careful analysis which was made for the International 
Conference of 1931 by the Opium Section of the League Secretariat—an 
analysis based on the returns made to the League by Governments—it 
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was estimated that during the six years (1925 to 1930), no less than 72 
tons of morphine in various forms escaped into the illicit traffic.” 

During the 1940's new potent analgesics were marketed in Germa- 
ny. Pethidine (meperidine) was the first, and was followed very soon by 
methadone. It is not by chance that one of the countries where the de- 
velopment of these new compounds took place was Germany. Germany 
was the birthplace of chemistry and the chemical and pharmaceutical in- 
dustries and a leading country in drug research. Additionally, there were 
memories of World War I when Germany had great difficulties with the 
procurement of opium for morphine manufacture. Their systematic re- 
search had two aims: to develop synthetic compounds with morphine- 
like analgesic activity which did not produce dependence and to assure 
the supply to the army without opium during the war in prospect. 

It has become evident that the new compounds do have abuse and 
dependence potential and synthetic narcotic analgesics were put under 
international control by the 1948 Paris Protocol. It is a well known fact 
that the process of scheduling synthetic narcotic analgesics is still going 
on. 

The case of morphine esters and the example of synthetic narcotic 
analgesics illustrate the existence of the problem of ‘‘analogues’” many 
decades ago, and the study of the 1961 Convention reveals the awareness 
and concern of its drafters, as follows: 

1. Some people believe that the scheduling of a drug under the 1961 
Convention means the control of a specific compound and its prepara- 
tions only, and there is no place for a decision on a group of drugs. This 
is only partially true because the control of a drug under Schedule I 
means the automatic control of its isomers, esters and ethers, and salts of 
all of these derivatives. The scope of Schedule II is more limited; the 
automatic control applies only to isomers and salts, in that esters and 
ethers are not covered. There are possibilities for the exemption of a de- 
rivative from Schedule I control measures. One way is to place such a 
derivative into Schedule II (for example, codeine). It is possible to 
exempt a drug completely from the narcotics control regime: Schedule I 
contains a statement that dextromethorphan and dextrorphan (optical iso- 
mers of the respective levo-compounds in the Schedule) are specifically 
excluded. But the flexibility of the 1961 Convention can be best illustrat- 
ed by the example of ecgonine. This cocaine precursor has been sched- 
uled with the following wording: “Ecgonine, its esters and derivatives 
which are convertible to ecgonine and cocaine.” 

The importance of this provision lies in the fact that it controls all 
of the ecgonine derivatives but, at the same time, exempts such deriva- 
tives which are not convertible to ecgonine and cocaine. This is a good 
example of the scheduling of a class of chemical compounds without list- 
ing their names, and, future compounds which do not exist at present as 


well. 
2. The scheduling concept of the 1961 Convention is based on simi- 


larity of effects and abuse potential and authority has been given to the 
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World Health Organization (WHO) for the establishment of this similari- 
ty. Article 3 of the Convention defines very clearly the decision making 
procedure; “If the World Health Organization finds that the substance is 
liable to similar abuse and productive of similar ill effects as the drugs in 
Schedule I or Schedule II or is convertible into a drug, it shall communi- 
cate that finding to the Commission . . .” The Commission may accept 
or reject this recommendation but has no right to alter it. 

In the light of the above mentioned examples, possibilities are of- 
fered by the 1961 Convention for the prompt or even preventive sched- 
uling of groups of analogues. For example, in theory at least, it would be 
possible to follow the ecgonine model and put fentanyl derivatives into 
Schedule I. If the exemption of any specific derivative would be neces- 
sary it could be mentioned by name, following the dextromethorphan 
model. 

Unfortunately, the functioning of the 1961 Convention and the use 
of the similarity concept were disrupted by development of the 1971 
Convention. The reasons are clearly described by the late Dr. Lande, 
who was the drafter of both Conventions, as follows: “It has been admit- 
ted by officials of the World Health Organization in meetings as well as 
in discussions with the writer of this paper that the ill effects of amphet- 
amines could for the purpose of applying Article 3, Paragraph 3, Sub- 
Paragraph (iii) be considered “similar” to those of cocaine, both causing 
central nervous system stimulation.” They have equally asserted that the 
ill effect of barbiturates which are addiction producing and of those tran- 
quilizers which are also addiction producing could also for this purpose 
be considered to be similar to the ill-effects of morphine, all of these 
drugs producing central nervous system depression. The reason why the 
World Health Organization cannot assume this similarity is not necessari- 
ly technical but legal: The Office of Legal Affairs of the United Nations 
ruled, in an opinion given to the Commission on Narcotic Drugs at its 
twenty-third session that barbiturates, tranquilizers and amphetamines 
were outside the scope of the Single Convention. The Office based this 
opinion on the consideration that there was an understanding at all stages 
of the drafting of the Single Convention and in particular also at the 
Conference of 1961 which adopted the Single Convention that this treaty 
should not be applicable to these three types of substances although the 
effects of the amphetamines have some degree of similerity to cocaine 
and those of barbiturates and some tranquilizers to morphine. It may be 
added that this understanding was reached at the 1961 Conference par- 
ticularly at the insistence of the U.S.A. delegation. This delegation was 
obviously motivated by the opinion that the huge burden which would 
be placed on international and national control organs by subjecting am- 
phetamines, barbiturates and tranquilizers to the narcotics regime would 
fatally weaken this regime in the campaign against addiction to narcotic 
drugs and thus frustrate international efforts which have been made for 
more than half a century. 

The 1971 Convention is the result of this “understanding” and the 
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concept of similarity was replaced by artificial scheduling criteria and 
the lack of WHO authority has been later substituted by a complicated 
multistage evaluation mechanism. 

The purpose of this paper is not the description of the weaknesses of 
the 1971 Convention but it was necessary to draw the attention to two 
basic issues: (1) the incompatibility of the two Conventions, and (2) the 
counter productivity of the 1971 Convention by hindering such actions 
which would be possible under the 1961 Convention (including the 
scheduling of precursors). 

I do not think that this Conference could speculate about amending 
the 1971 Convention or about its merger with the 1961 Convention, but 
could recommend such an action as a long-term goal. For the time being 
it can be suggested that the Commission on Narcotic Drugs (CND) 
should issue a resolution requesting Governments: 

A. To adopt legislative measures against the unauthorized manufac- 
ture, sale and distribution of analogues of controlled psychoactive sub- 
stances (i.e., narcotic drugs, psychotropic substances and other similar 
drugs under national control), 

B. To inform the Secretary-General about such legislative measures 
and their experiences, and 

C. In the case of analogues of narcotic drugs, to notify the Secre- 
tary-General for the amendment of the Schedules of the 1961 Conven- 
tion, in conformity with Article 3, Paragraph 1. 
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Knoevenagel reaction, 39-40, 41-48 


Law Reform (Miscellaneous Provisions) 
(Scotland) Act 1985, 297-298 

Lead poisoning, 182-185 

Leadership Conference on Controlled 
Substance Analogues, (DEA), xiv 

Leuckart reaction, 40-41, 91 

Liver, injury to, 209-210 

LSD, illicit synthesis of, 92-93 

LSD, trafficking in, 22, 25 

Lysergic acid diethylamide. See LSD 

Lysergide. See LSD 


Manual, working tools, 31-32 
Mass spectrometry, 11 


MDA, xiii, xv, 5, 41, 50-54, 57, 60-61, 


121-122, 141, 147, 196-203, 213, 
252-255, 282 

MDE, 61, 201 

MDMA, 6, 41, 50-53, 60-61, 121-122, 
147, 196-203, 252-255, 282 

Medicines Act 1968, 295-297 

Meperidine, xv, 21, 68-69, 129 

Meperidine family, 67, 68-70 

Meperidine, analogues, CNS effects, 
miscellaneous effects, mortality, 
225-227 

Methamphetamine, 22, 25, 26, 27 

Methamphetamine, illicit synthesis, 
179-185 

Methamphetamine, impurities in, 
179-185 

Methaqualone, 24, 26 

Methaqualone, CNS effects, 
miscellaneous effects, mortality. 
227-229 

Methaqualone, illicit synthesis, 93, 188 

Methaqualone, impurities in, 179-185, 
188-189 


Methaqualone analogues, illicit synthesis, 


188-189 
4-Methylaminorex, xv, 54-55 
Methylenedioxy amphetamines, 195-203 
3,4-Methylenedioxyamphetamine. 

See MDA 
3,4-Methylenedioxymethamphetamine. 

See MDMA 
3,4-Methylenedioxyethylamphetamine. 

See MDE 
3,4-Methylenedioxy-N-hydroxyampheta- 

mine. See N-OH MDA 
|-Methyl-4-pheny|-4-propionoxypiperi- 

dine. See MPPP 


i-Methyl-4-phenyl-1 ,2,5,6-tetrahydropy- 
ridine. See MPTP 

‘*Me-too"’ drugs, 147-149, 156-157 

Misuse of Drugs Act of 1971, 295-297 

Mixed agonist-antagonist, 138 

‘Modified jumping test’’, 143-144 

Monitoring systems of specific popula- 
tions, 261-272 
Army and Navy recruits, 261, 270 
Drug dependent treatment population, 

261, 261-268, 269-270 
Secondary school students, 261, 
268-270 

Morphine, effects, 139 

Morphine, isolation, purification, 
102-106 

Morphinomimetics, 125-126 

MPPP, xv, 22, 73, 178-179, 214, 216, 
225-227 

MPTP, 73, 178-179, 214, 216, 226-227 

MS, 11 

Multilingual Dictionary of Narcotic 
Drugs and Psychotropic Substances 
Under International Control, 34 


N-alkyl phenalkylamines, 50, 54 

National Central Bureaus (NCB), 21 

National laboratories, establishment 
and/or strengthening, 30-31 

NCB, 21 

Neurotoxicity, 195-203 

Neurotransmitters, 117-118, 195 

N-hydroxy phenalkylamines, 54 

Nicotine, 137 

N-OH MDA, 61 

Norepinephrine, 195 

N-substituted phenalkylamines, synthesis, 
50, 54, 55 


OIPC-INTERPOL, 21-27 
Opioids, 137-140 

Opium poppy, 95, 101-104 
Overdose deaths, 7, 12 


Pakistan, drug abuse problem in, 273-281 

PCP. See Phencyclidine 

PEPAP, xv, 73, 214, 216, 225-226 

Pharmacokinetics, 156 

Pharmacology, clinical, 147-160 

Pharmacology, preclinical, 135-145 

Pharmacophore, definition of, 125 

Phenalkylamines, as precursors, 47-48, 
48-50 

Phencyclidine, 91-92, 142-143, 233-237 

Phencyclidine, illicit synthesis, 91-92 

Phencyclidine, impurities in, 185-188 
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Phencyclidine analogues, illicit synthesis 
of, 91-92 
Phenethylamine, 39 
1 -Phenethyl-4-pheny|-4-acetoxypiperi- 
dine. See PEPAP 
Phenols, as precursors, 44, 47 
4-Phenylpiperidines, 67-90 
4-Phenylpiperidines, derivatives, 126-132 
Bicyclic structure, 129 
Hexacyclic structure, 127 
Pentacyclic structure, 126 
Tetracyclic structure, 127 
Tricyclic structure, 127-129 
Phenylpropanone amination, 39-40, 
40-41 
Physical dependence, definition, 135 
Physical dependence studies, humans, 
169-170 
Physical dependence-producing ex- 
periments, 169 
‘*Piperidine Reporting’’, 293-294 
Precursor chemical, control of, 313-315 
Precursor chemical, definition of, 291 
Precursors, illicit trade of, xiii, 26-27 
Precursors, tracking of, 285-288 
Prodine family, 67, 72-78 
Program Planning Working Group 
(WHO/PPWG), xiv 
Progressive ratio experiments, 166 
Propiophenones, as precursors, 47-48 
1972 Protocol Amending the Single Con- 
vention, 35 
Psychic dependence, reinforcing effects, 
167-168 
Psychic dependence, subjective effects, 
167 
Psychic dependence potential, 171-172 
Psychotropic Convention. See Conven- 
tion on Psychotropic Substances-1971 


Radioimmunoassay, | 1 

Rebound effects, 135-136 

Receptor types, opioid, 138 

Reinforcing efficacy (properties), 150, 
166-168 

Reference literature collection, 36-37 

Reference samples of substances under 
international control, 35-36 

RIA, 11 

Robertson-Gregory Process, 102, 
103-104 


SAR, 57, 117, 119, 125 

SAWS, 239, 242-255 

Schwyzer process, 104 
Self-administration experiments, 162-166 
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Self-destruction, 234 

Serotonin, 195 

Single Convention on Narcotic Drugs 
1961, xv, xvii, 21, 35, 161, 296, 
301-302, 319-322 

‘*Similarity concept’’, 320-322 

Solvents, abuse liability of, 137 

Solvents, in cocaine samples, 100-101 

Spain, drug abuse, 147-160 

Spain, drug consumption, 147-148 

Stimulants, SAR, 117, 119-120 

Structure-activity relationships, 57, 117, 
119, 125 

Subjective effects, 150, 167 

Substance Abuse Warning System. 
See SAWS 

Substituted benzenes, as precursors, 
44-47 

Supply reduction, 302 


Thailand data base on drug dependence 
and illicit drugs, 257 

Thiboumery and Mohr Process, 102, 
103 

Threat assessment, xv 

(+-)-s-Tifluadom, 131 

Tips, on clandestine laboratory activity, 
as investigative leads, 288 

Tobacco, 137 

Tolerance, 135, 165, 172, 207 

Toxicity, acute, 172 

Toxicity, behavioral, definition, 235 

Toxicity, organ, 172, 207-230 

Training of scientists, 29-30 

Treatment and rehabilitation programs, 
283-284 


Undercover work, as investigative leads, 
289 

United Kingdom, misuse of drugs en- 
forcement, 295-299 

United Nations Commission on Narcotic 
Drugs (UN/CND), xiv, xv, xvii, 
29-38, 161, 319-322 

United Nations Division of Narcotic 
Drugs (UN/DND), xiv, xvii, xviii, 1, 
29-38 

United Nations Economic and Social 
Council (UN/ECOSOC), xvii, 34, 161 

United Nations Fund for Drug Abuse 
Control (UNFDAC) xix, xxiv, xxvii, 
2, 32-33, 281 

United Nations General Assembly, 29, 
34 

United Nations Laboratory of the Divi- 
sion of Narcotic Drugs, 29-38 


Urine testing, 270 


Victims of drug use, as investigative 
leads, 288-289 


WHO (World Health Organization), xiii, 
xiv, xvii, xviii, 1-2, 22-23, 161, 317, 
320-322 

WHO Expert Group, xiv, xv, 33-34 

Withdrawal syndrome, 135-136 
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